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Preface 


Poultry SCIENCE IS one of the newest agricultural sciences, although 
poultry keeping has been practiced for centuries in most countries of the 
world. 

Within the last thirty' years poultry has changed largely from a backyard 
enterprise to large-scale specialized production. Chance, luck, art, and skill in 
production have been replaced by the application of biological science. Eco- 
nomics is also playing an important part in the modern poultry industry. 

A great mass of poultry information has been published in recent years. 
As may be expected in any new science, some of it is based on sound experi- 
mental data, some is conflicting, and some is purely hypothetical. 

The purpose of this book is to give, what appears to be at the present time, 
the practical factual information on poultry production and marketing. It 
includes breeding, incubation, rearing, housing, feeding, disease, marketing, 
and the economics of poultry production and marketing. Books have been 
wrirren on each of the subjects covered. In this book an attempt has been 
made to summarize and provide samples of current information that will be 
useful for college students beginning the study of poultry science and for 
people in other fields who need a general knowledge of the poultry industry. 

References, mostly typical samples of recent publications, have been listed 
at the end of each chapter. No attempt has been made to provide a complete 
bibliography on any subject covered. The references listed generally cite 
others where additional information may be found. The Appendix also con- 
tains suggestions for obtaining additional information on poultry subjects. 

The authors greatly appreciate the help and constructive criticisms given 
by their associates in the preparation of the textbook. We especially wish to 
thank Dr. H. V. Biellier for suggestions on Chapter 3, Anatomy and Physiol- 
ogy; Dr. R. George Jaap and Dr. A. B. Stephenson for Chapter 4, Breeding; 
Dr. J. E. Savage and Dr. E. C. Naber for Chapter 8, Feeding; Dr. Glyde 
Marsh for Chapter 9, Diseases; Dr. Owen Cotterill and Dr. Paul Clayton for 
Chapter 10, Marketing Eggs; Dr. George Mountney for Chapter 11, Market- 
ing Poultry; and Dr. Paul Clayton and Prof. Q. B. Kinder for Chapter 12, 
Economics of Poultry Production and Marketing. 

The authors greatly appreciate the courtesies extended by various organi- 
zations and individuals in permitting the use of illustrations and tables. 
Credit has been given in all such cases. 

A. R. WINTER 
E. M. FUNK 
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Chapter 1 


The Poultry Industry 


Introduction 

Definition of poultry. The term "poultry” is used to designate those 
species of birds which render man an economic service and reproduce freely 
under his care. It includes chickens, turkeys, ducks, geese, swans, guineas, 
pigeons, peafowl, pheasants, and ostriches, and refers to them whether alive 
or dressed. 

Relation of poultry to other animals. There are about 600,000 species 
of animals in the world, including 10,000 species of birds. They are classified 
according to structure. 

The most highly developed animals (Fig. 1-1) are mammals, which in* 
elude man and farm animals, and aves or birds. Mammals are distinguished 
by the presence of hair and mammary glands. Birds are distinguished by the 
covering of feathers. 

Poultry science. Poultry science is the study of principles and practices 
involved in the production and marketing of poultry and poultry products. 
It includes breeding, incubation, brooding, housing, feeding, disease, market- 
ing, and poultry- farm management. 

The study of the great numbers of birds not classed as poultry is ornithol- 
ogy . The science of all animal life is zoology. 

Importance of the Poultry Industry 

Source of farm income. Probably more persons are directly interested in 
poultry production than in any other single agricultural enterprise. More 
than 60 per cent of all farms in the United States reported poultry in 1958. 
These figures do not include the many backyard chickens kept as pets or for 
the family supply of eggs. Poultry ranked fourth in gross income among agri- 
cultural commodities in the United States in 1959 ( Fig. 1-2 ) . 

Source of food supply. Poultry eggs and meat are used chiefly as human 
food. 

Eggs have more nutritional value than any other food (Table I-I). They 
are a good source of proteins, minerals, and vitamins. Eggs are palatable, easily 
digested, and can be used in a great variety of appetizing ways (Fig. 1-3). 
The)' serve as binders and leavening 3gents in baking and furnish "richness” 
in icings, sauces, candies, custards, ice cream, etc. The estimated annual 
per capita consumption of eggs in the United Scares in 1958 was 348. 

3 
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Poultry meat Is supplied chiedy by chickens, turkeys, ducks, geese, and 
guinea fowls. The percentage of edible meat obtained from poultry on the 
ready-to-cook basis, is higher than that obtained from other meats (Table 1-2). 
Poultry meat is probably the most palatable of all meats and is easily digested. 
It is served in a variety of ways such as fried, roasted, or stewed, and in com- 
bination with other foods as in salads, sandwiches, sauces, soups, etc. (Fig. 
1-3). The annual per capita consumption of poultry meat in the United 
States in 1958 was about 34 pounds. 

Industrial uses. Fertile eggt ate used in the preparation of vaccines (Fig. 
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VALUE BILLION $ 


CATTLE AND CALVES 

7.3 

DAIRY PRODUCTS 

4.5 

HOGS 

3.4 

POULTRY PRODUCTS 

3.2 

FEED CROPS 

2.8 

FOOD GRAINS 

2.5 

COTTON PRODUCTS 

2.2 

VEGETABLES 

1.6 

FRUITS AND NUTS 

1.6 

OIL CROPS 

1.4 



Fig. 1-2. The grow value of leading agricultural products produced in 1957. (U. S, D. A. Agr. 
Statistics 1958) 


Table 1-1 

COMPOSITION OP EGGS AND MILK (1 LB. AS PURCHASED) 1 


Nutrient 

Whole 

Ess 



Whole 

MJk 

Energy (calories) 

635 

227 

1640 

309 

Protein (grams) 

51.7 

49 

74 

15.9 

Fat (grams) 

46.5 


144.8 

17.7 

Total carbohydrates (grams) 

2.8 

3.6 

3.2 

22.2 

Calcium (milligrams) 

218 

27 

667 

536 

Phosphorus (milligrams) 

84S 

77 

2660 

422 

Iron (milligrams) 

10 . 9 

0.9 

32.7 

0.3 

Vitamin A (International units) 

4590 


14590 

720 

Thiamine (milligrams) 

.39 


1.24 

.16 

Riboflavin (milligrams) 

1.17 

i.17 

1.58 

.78 

Niacin (milligrams) 

0.3 

0.5 

Trace 

.5 

Ascorbic acid (milligrams) 



0 

6.0 

Refuse (per cent) 

11.0 


0 

0 


1 U. S. Dept, of Ajt. A^r. Hndbk. No. 8. 


Inedible eggs are used in the preparation of animal foods and fertilizers. 

Egg whites are used in the manufacture of pharmaceuticals, paints, var- 
nishes, adhesives, and printer’s ink. They are also used in photography, book- 
binding, wine clarification, tanning leather, and in textile dyeing. 

Egg yolks are used in the manufacture of soap, paints, and shampoos. They 
are also used in finishing leather and in bookbinding. 

Eggshells are used in mineral mixtures and for fertilizer. 

Feathers are used in the making of milliner}' goods, pillows, cushions, mat- 
tresses, dusters, insulation material, animal feed, and fertilizer. 

Endocrine glands are used in the preparation of biological products. 









Fig. 1—4. Eggj being used for the production of vaccine. 


Use in research work. Chickens are being used extensively in biological 
research work because they are cheap and readily available, reproduce freely, 
have a sensitive metabolism, and are good laboratory animals (Fig. 1-5). 
Many of the findings made with chickens in the interest of pure science may 
be applied in a practical way for improving poultry production. 


Table 1-2 


COMPARATIVE EDIBLE MATERIAL AKD COST OF ANIMAL PRODUCTS FROM 
DIFFERENT SPECIES OF ANIMALS 5 



Ave. Live 
Weight 

Dressing 

Loss 

CtKJIED ECISLI 

I93S Prices 

Krsco or Prodcct 

Rem! 

Pncc 
per Lb. 

Cooked Edible 

per Lb. 

Beef 

950 lb. 

Prr Cm} 

40 

Per Cent 

40 

0.69 

Si. 73 

Pork 

220 

31 

32 

0.6S 

1.93 

Lamb 

85 

51 

48 

0.71 

1.48 

Broilers. 

3.4 

25 

50 

0.40 

.80 

Turkeys 

20.4 

23 

59 

.49 

.S3 

Epps 8 per lb 

1.0 

0 

89 

.48 to M 

.54 to .72 


* ). 1. Uiltbmutrf I neuter or Ox. CJcrrljod, O. 
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General farm flocks predominate in this region. There is a surplus of poultry 
products in most states of the area (Fig. 10-2) . 

The North Atlantic states produce about 17 per cent of the country’s egg 
supply and have about 25 per cent of the population. There is a shortage of 
poultry products in the territory. It provides a good market for nearby poultry 
and for the surplus products from the North Central states. Many large spe- 
cialized poultry farms are found in North Atlantic states. 

The South Atlantic states have about 10 per cent of the laying flocks and 
14 per cent of the population. This is a deficit area for eggs. Small farm flocks 
predominated in the area until the last few years. There is a tendency to- 
ward development of large specialized and integrated poultry businesses. 


Table 1-4 

PRODUCTION OF POULTRY PRODUCTS IN THE UNITED STATES IN 1958 3 
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Fig. 1-5. A biological laboratory in which chicVon* ar* mod for tasting fead*. 


Development of the Poultry Industry 

Early development. The poultry industry was brought to America from 
Europe by the earliest settlers. Small home flocks were started at the time of 
the establishment of the first permanent homes at Jamestown in 1607. They 
consisted of a few chickens which were kept to supply the home needs for 
eggs and meat. The Indians bought or stole birds from the early settlers, and 
poultry-keeping became common among them during Colonial days. 

As villages and towns wete established, the nearby home flocks were 
increased in size. The surplus eggs and meat were sold or exchanged for 
groceries in the nearby towns. Grain production and the development of 
transportation facilities encouraged the production of poultry west of the 
Allegheny Mountains in the early part of the nineteenth century. The de- 
velopment of refrigeration facilities and artificial methods of incubation and 
brooding were further stimuli for poultry ptoduction in the latter part of the 
century. 

Development in recent years. Farms on which the chief source of income 
was from poultry began to appear early in the present century. The discovery 
of vitamins and their use in poultry feeding about 1925 revolutionized the 
poultry industry. Their use has made it possible to raise birds in confinement 
and at all seasons of the year. Recently, specialized poultry farms have been 
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developed. These include egg, breeding, broiler, pullet rearing, turkey, and 
duck farms. 

Growth of the poultry industry has been more rapid than the increase in 
population or the production of the larger farm animals (Fig. 1-6). These 
changes are typical of those that have taken place in older civilized countries. 
As population increases, more cereals and small fruits and vegetables are 
produced and smaller animals, including poultry, replace many of the larger 
farm animals. Egg production per capita has more than doubled during the 
last fifty years in spite of the fact that the population has increased two and 
one-half times during the same period. Most of the increased egg production 
has been consumed in our own country. A better appreciation of the nutri- 
tional value of eggs, better market facilities, development of new uses ( Fig. 
1-3), and better quality of eggs have created a greater demand for eggs. 

The Present Poultry Industry 

World distribution. The United States has about one-third of all the 
chickens and turkeys in the world (Table 1-3) and only about 6 per cent of 
the people. 

Distribution in the United States. The country is usually divided into 
geographical regions for statistical reports (Tables 1-4 and 5 ) . 

The North Central stater have about 47 per cent of the total egg pro- 
duction in the United States but only about 30 per cent of the population. 


coo tTitY *!■■«» mil, tuinnu 

Fig. 1-7. A largo specialized poultry breeding form. 

The South Central states have about 18 per cent of the layers and 17 per 
cent of the population. Part of the states in the territory have a surplus of 
poultry products while others do not have enough to meet local needs. Small 
farm flocks are common in the South Central states. 

The Western states have about 13 per cent of the egg production and 15 
per cent of the population. There is a shortage of poultry products in the ter- 
ritory. The West Coast states have turned from surplus egg-producing states 
before World War II to an egg shortage area since the war. The poultry popu- 
lation is small in the Rocky Mountain states. There are many large special- 
Lted poultry farms, in. the. West Coast states (Pig. 1—7 ) . 

The leading poultry states from the standpoint of the number of eggs pro- 
duced in 1958 (Table 1—4) were Iowa, California, Minnesota, and Pennsyl- 
vania. 

Imports and exports. The United States is normally neither a large ex- 
porter nor importer of poultry products (Table 1-6). Some dried eggs were 
imported from China before World War II. During the war period there was 
considerable expansion of the dried egg business in the United States. In 
recent years, the United States has exported egg products to European coun- 
tries, Mexico, Cuba and South America. Small amounts of poultry and eggs 
have been imported from Canada. 

Relative importance of different species of poultry. Chickens con- 
stitute more than 95 per cent of all poultry raised (Table 1-7 and Fig. 1-8). 


Table 1-5 


POPULATION, EGGS AND POULTRY PRODUCTION BY REGIONS, 1958 





Broiler 

Prod. 


Per Cent Distribution or U. S. Total 

Region 


Prod. 

Prod. 

Popula- 

tion 

Eggs 

Broilers 

TurVeys 


Mil. 

Bil. 

Mil. 

Mil. 

Per- 

cent 

Per- 

cent 

Per- 

cent 

Per- 

cent 

North Atlantic 

43.0 

10.6 

184 

3.2 

25 

18 

11 

4 

E. N. Central 

35. 6 

12.1 

96 

10.7 

21 

20 

6 

14 

W.N. Central 

15.4 

16.4 

46 

23.5 

9 

27 

3 

30 

South Atlantic- - . 

25.4 

6.1 

725 

11.9 

H 

10 

44 

15 

South Central. . . 

20.5 

7.4 

530 

8.3 

16 

12 

32 

11 

Western 

25.4 

8.0 

77 

20.3 

15 

13 

5 

26 

United States. . .\ . 

173.3 

60.6 

1,660 

77.9 

100 

100 

100 

100 


Table 1-6 

UNITED STATES* IMPORTS AND EXPORTS OF POULTRY 
PRODUCTS * 



1937-39 | 

1946-50 

19SS 

Live poultry 




Export ( 1000 lbs.) 

105 | 

1258 

2628 

Imports (1000 lbs.). 

2363 1 

13555 

958 

Baby chtcks 




Export 



17,759 

Imports 

1 1 

360 

14 

Frozen poultry 




Export (1000 lbs.) 

1991 

10,002 

24,966 

Imports (1000 lbs.) 

370 ' 

3785 

294 

Eggs in the shell 




Export (1000 doz.) 

2389 

30953 

49,725 

Imports (1000 doz.) 

360 

2228 

2,157 


* {}. S. D. A. Foreign Agriculture CTre. F P FT — 6-56. 1956. 


Table 1-7 


PRODUCTION OF PRINCIPAL SPECIES OF POULTRY IN THE UNITED 
STATES 


Year 

SrcciES or Poultry 

Chicken* 

Turkeys 

Ducki 

Geese 


Millions 

Millions 

Millions 


1909 





1919 

473 




1929 

751 

18.5 

11.3 

4.0 

1939 

803 

33.6 

12.1 

1.2 

1947 

102$ 

34.S 



1953 

1048 

60.4 

1U 

1.7 

1958 

20S6 

77.9 
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Poultry meat production has 
gained a higher percentage of the 
total poultry production over the 
past few years. Specialized broiler 
production has been increased 
while general farm production of 
chickens has been declining. Tur- 
key production has gained a higher 
percentage of the total poultry pro- 
duction. Other species of poultry 
have remained about two percent 
of the total. 

Fig. 1-8. Value of poultry product* produced in the United Stole* in 1958. Shaded portion* 
denote home consumption. 

The income from chicken eggs is mote than that from all types of poultry 
meat production. The production of broilers and turkeys has increased rapidly 
during the last fifteen years (Fig. 1-6) . 

The Future of the Poultry Industry 
The growth of the poultry industry in the United States has been rapid in 
recent years (Fig. 1-6) . 

The production of poultry products has not reached the saturation point. 
Consumption is still increasing with about 50 per cent as much poultry 
(chicken and turkey) as pork being eaten (Table 1-8 and Fig. 1-11). 

The future expansion of the poultry industry will depend largely on how 
economically poultry meat and eggs are produced in comparison with other 
similar groups of foods such as the red meats and dairy products. It will also 
depend on the new uses developed for poultry products and their con- 
venience as food items. 

Growth rate may be faster in the future (Table 1-10). A few birds among 
the better broiler strains now weigh four pounds at eight weeks of age. Ap- 
plication of genetic principles to poultry breeding will be important for in- 
creasing growth rate. 

Egg production may be expected to increase in the future (Fig. 1-9) . Some 
chickens among the better egg laying strains now lay more than 300 eggs per 
year. Application of genetic principles to poultry breeding will be essential 
for further improvement in egg production. 

Feed efficiency may be better in the future (Table 1-10) . Young chickens 
have been grown with less than a pound of feed per pound of gam by the 
use of high energy rations with low moisture content. The success to be real- 
ized with practical rations will depend on the application of chemistry, phys- 
iology, and nutrition to the formulation, manufacture, and use of poultry ra- 
ions. 1 

Housing and equipment of more durable quality will depend on the ap- 
plication of physics, engineering, and physiology knowledge to the construe- 
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Fig. 1-9. United States average annual egg production per bird. 


tion of incubators, brooders, houses, and labor saving equipment (Table 7-9). 

Livability improvement may be expected in the future (Table 4-11 and 
14). This will depend on bettering of stock and nutrition, a knowledge of 
physiology, bacteriology, and related biological sciences applied to produc- 
tion, and the use of drugs and vaccines for the prevention of diseases. 

Quality of products should be better in the future (Table 4-10). This will 
depend on bettering of stock, nutrition, and livability, and the use of chemi- 
cal, microbiological, and food preservation knowledge in the preservation 
and holding of poultry meat and egg products. 

Labor saving devices are being employed to a greater extent in poultry 
production by the larger operators (Table 7-9). These include automatic 
feeders, watexers, egg gathering belts (Fig. 7-21), pit cleaners, egg washers, 
poultry pickers, etc. It is now possible for one man to care for 20,000 to 40,- 
000 broilers or 5,000 to 10,000 laying hens. Poultry processing in modern 
chain operated plants, has been stepped up to the point where it is possible 
to process 300 birds per man-hour from live birds to ready-for-the-oven. 
More production per man-hour may be expected in the future (Fig. 1-12). 
This should lower the cost of poultry products to consumers, increase con- 
sumption, and result in an expanded poultry industry. 

Marketing costs may be reduced by applying principles of economics, mar- 
keting, business organization, and related sciences to the distribution of 
poultry products (Tables 12-19, 20, and 21). 







Table 1-8 


APPARENT CIVILIAN AND PER CAPITA CONSUMPTION OF MAJOR FOOD COM- 
MO DITIES s 


Fooo Paootjcr 


1958 *s ArtacEXTAGEOr; 

1958 

1935-39 : 

1957-49 


152 

120 



60.5 

107 



10.0 

91 



348 

l 16 


Chicken, readjr-to-cook Ib3 

28.5 

213 

152 

Turkey, ready-to-cook lbs 

5.6 

255 



345 

105 


Butter, lbs 

8.5 

50 

80 

Margarine, lbs 

9.1 

314 

162 

Lard, lbs 

9.5 

86 



92.3 

66 

70 

Vegetables and melons, farm tvt. lbs 

130.7 

93 

88 




102 

Wheat flour, lbs 

118 

74 

86 


*U. S. D. A. The National Food Situation, NFS-86. 1958. 


Table 1-9 


POTENTIAL POULTRY AND LIVESTOCK NEEDS IN 1975 
COMPARED WITH 1954 S 


Paooucr 

Vim. CtfT_ IVCXEAir MOW 

1951-1952 raoDvCTiot 

Egg* 

48 

Broilers and chickens . . 

60 



Milk 


Cattle and calves 




Sheep and lambs 

25 

All animal products 

45 


•V. S. D. A.. A. Af. 5 and A. R. S. eat. mu «. 


Table 1-10 


INCREASE INEFFICIENCY IN BROILER PRODUCTION TO 3 POUND WEIGHT 7 



Yea* 


1930 1 

1955 

I960 

Pounds of feed . . 

Pounds per pound of broiler 

Weeks to reach 3 lb. weight 

IS 

5 1 

!5 

8 

3 

9 

(Estimate) 

6 

1 2 

8 


1 Feedituff*. October, 1959 






Fig, 1-10. The Seventh World's Poultry Congress, held in Cleveland, Ohio, with on attendance 
of more than 800,000. Top left, part of the exhibit buildings. Top right, viewing one of the 
nutrition exhibits. Center, the Japan exhibit, bottom, part of the U. S. D. A. exhibit. 
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Fig. 1-12. Changet tn production of agricultural product} per man-hour. 
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Chapter 2 


Classes, Breeds, and Varieties of 
Chickens 


The Origin of the Chicken 

For more THAN 5,000 years the domesticated fowl has been one of 
man’s benefactors. 1c is improbable that all the present-day varieties sprang 
from a common origin. The habits of the varieties in the Asiatic class indicate 
an ancestry which roosted on the ground and nested on a mound of earth. 
Such breeds as the Leghorns probably had tree-roosting ancestors. Authorities 
agree quite generally that the red jungle fowl, Gallus bankiva (Fig. 2-1 ) , was 
one of the ancestors. Wild chickens of the Gallus genus are still found in the 
jungles of southeastern Asia. More recent investigations suggest that at least 
four species of the jungle fowl may have contributed to the development of 
the domestic fowl. 

Development of the Modern Breeds and Varieties 
of Chickens 

There are many biological differences between the two-pound jungle hen 
which laid only a few eggs per year and the modern hen which lays 300 eggs 
or a present-day thirteen-pound Jersey Giant. How has such progress been 
made? Heredity has been the force which nature and man have used to de- 
velop the domesticated fowl. Fortunately there has been much variation so 
that man and nature could make selection. Natural selection both before and 
after domestication developed a more vigorous bird. 

Cockfighting. Early references to cockfighting suggest that this was once 
one of the principal uses of the male of the species. This sport accelerated the 
law of the survival of the fittest and did much to develop the vigor and vitality 
of the species. It also served the very useful purpose of giving wider distri- 
bution to the domestic fowl as cockfighting spread throughout the world. 

Meat production. If the meat of the chicken had not possessed such de- 
licious edible qualities, it is not likely that the so-called meat and general- 
purpose breeds would have been developed. However, man soon learned the 
value of the chicken as a source of food and he selected the larger and better- 
fleshed birds so that his meat supply might be increased. This type of selec- 
tion increased the size of certain breeds. 

20 
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Fig 2-1. Gallut bonkiva, one of the probable ancestor* of fke domestic fowl. The male 
weight about two and one-half pounds. 

Exhibition qualities. The "Golden Era" of the fancier *va$ from 1870 to 
1920 when he reigned almost supreme. The trap nest had not yet caused the 
worship of egg records; fancy feathers and body form remained the goal of 
every true breeder. These breeders, by breeding for uniform type and definite 
color patterns, did much to establish the Standard breeds and varieties. Many 
beautiful color patterns were developed and excellent type birds were estab- 
lished. While in some cases vitality may have been lowered at the expense of 
exhibition quality, the exhibition breeders made very definite and important 
contributions to the development of the chicken. 

Egg production. The invention of the trap nest and the discovery of the 
laws of inheritance, together with their application to poultry breeding, were 
major contributions to the development of high-producing strains of poultry. 
The trap nest was a practical device for determining the number of eggs the 
individual bird would lay; and those eggs could be identified, and such char- 
acteristics as size, shape, color, and interior quality could be determined. 
Poultry breeders are today applying the laws of heredity to their breeding 
problems and using the trap nest to identify their breeding stock. 
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The American Poultry Association 

The American Poultry Association, organized ar Buffalo New York, in 
1873, has for its objective the protection and promotion of the Standard- 
bred poultry industry. The association issues the American Standard ot Per- 
fection, which describes the respective varieties, breeds, and classes of poultry 
which are recognized as Standard-bred. , 

The association has the responsibility of recognizing new breeds and vari- 
eties of poultry. Bteeds or varieties which the association considers obsolete 
are dropped from the list of Standard-bred poultry. 

Standard Classification 

Breeds and varieties admitted to the Standard must possess distinctive type 
and color patterns and be sponsored by at least five members of the associa- 
tion who are active breeders of the variety. 

The term class is used generally to designate groups of Standard breeds 
which have been developed in certain regions; thus, the class names — Ameri- 
can, English, Asiatic, etc. The distinctive breed differences are primarily those 
of body shape and size. The color pattern (Fig. 2-2) and shape of comb 
(Fig. 2-3) distinguish the different varieties. Varieties in the same breed may 
have an entirely different ancestry. For example, the Barred Plymouth Rocks 
originated from the crossing of a hawk-colored cock (probably a Domi- 
nique) with Black Cochin hens, with possibly some Spanish and Dorking 
blood added later, while the Buff Plymouth Rocks were selected in 1889 
from red fowls in the vicinity of Westport, Massachusetts. A strain, as de- 
fined in poultry genetics, is chicken-breeding stock bearing a given name 
and produced by a breeder through at least five generations of closed-flock 
breeding. 


American Class 

The breeds and varieties in this class were developed by American breeders 
to serve the general purpose of supplying both meat and eggs. All varieties 
in this class possess certain common characteristics; for example, they have 
yellow skin, nonfeathered shanks, and red earlobes (Fig. 2-4) and all lay 
brown-shelled eggs except the Lamonas, which lay white-shelled eggs. The 
chart on page 516 lists the varieties -and breeds in this class and gives their 
more important characteristics. 

Plymouth Rocks. The oldest and, until recent years, the most popular 
variety ol thts breed was the Baited Plymouth Rock, which otieinated in 
Connect, cut from a Dommitjue-BIaclt Cochin cross made in 1865. It was ad- 
mitted to the first Standard published in 1874. The Batted and White (Pit 
2-5) varieties ate the two most popular varieties ol this breed. In recent yearn 
them ha, been an increasing demand for White Plymouth Rocks for broiler 
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Fig, 2-2. Feather pattern* ol the domestic fowl. The above Feathers ore from the following 
varieties: 1, Buff-Laced Polish; 2, White-laced Red Cornish; 3, Silver-laced Wyandotte; 4, Co- 
lumbian varieties; 5, Golden-laced Wyandotte; 6, Blue varieties; 7, Golden Sebright Bantam; 
8, DorV Cornish; 9, Partridge varieties; 10, Silver-Penciled varieties; 11, Ancona or Mottled 
Koudan; 12, Speckled Susse*; 13, Silver-Spangted Hamburg; 14, Golden-Spangled Hamburg; 
15, Dork-Borred Plymouth Rock; 16, Buttercup; 17, Silver Campine, 18, Dominique; 19, Golden- 
Penciled Hamburg; 20, Silver-Penciled Hamburg; 21, light-Borred Plymouth Rock. 





Rhode Island Reds. The Rhode Island Reds were not developed by the 
fancier but were developed by the farmers of the Little Compton district of 
Rhode Island. The original crosses were red Malay Games and reddish- 
colored Shanghais, followed by the introduction of the blood of many other 
breeds, such as the Brown Leghorn, Cornish, and Wyandotte. The early de- 
velopment of this breed was for utility purposes. Later it became a fancier’s 
fowl as well. Today some strains are kept for egg production. 

Wyandottes. The Wyandottes have had waves of popularity in America. 
Today the White variety is the most popular Wyandotte. It has been handi- 
capped by small-egg size and relatively poor hatching results. There are very 
few breeders of Wyandottes at present. 


CLASSES, BREEDS, AND VARIETIES OF CHICKS 



Fig. 2-4. Nomenclature chart of the male thicker 


XT U . • ^ Thic breed developed from the Rhode Island Red 
stock which"was introduced into New Hampshire f 

Massachusetts. For more than twenty-five years the of^ew 

Hamnshire selected their Reds for such production qualities as early matu 
Mrs large-egg size, and good meat type apparently omitting 
color M ll^age fmm JnsidLtion. There resulted fotvls possessing dist.no 
. r ° P . 8 ? . was !iRhter than that of exhibition 

tive characteristics. Their color pauem t . • K the- htwdrn; 

Rhode Island Reds but not unlike some strati* of Reds in st h ch the breeders 

have emphasized egg production and . let color ta e car ^ American class 

Other breeds. The other breeds and varieties in the American class 


Fig. 2-5. Some breeds of the American Class. Top left. Silver-laced Wyandottes. Top right, 
Single-Comb Rhode Island Reds Center, White Plymouth Rocks. Bottom, New Hampshire!. 

(p. 22) have not been generally adopted by the public, and therefore few 
flocks of these varieties are found on farms in the United States. These breeds 
include the Dominiques, Javas (Black and Mottled), Chantecler (White and 
Partridge) , Jersey Black Giants, Jersey White Giants, and Lamonas. 
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Mediterranean Class 

This class contains those breeds which had their origin near the Mediter- 
ranean Sea — namely, Leghorns (Italy), Minorcas (Minorca Island), Spanish 
(Spain), Blue Andalusians (Andalusia, Spain), Anconas (Italy), and Butter- 
cups (Sicily). The breeds in this class are characterized by white earlobes, 
relatively large combs, nonbroodiness, early maturity, nervous disposition, and 
production of white-shelled eggs. A list of all the breeds and varieties in this 
class is given on page 517. 

Leghorns. This breed (Fig. 2-6) is popular in America. The popularity 
of this breed rests upon its reputation as an egg producer. While there are 
thirteen Standard varieties of Leghorns, the only one that has gained public 
favor is the White. 

Minorcas. Five varieties of Minorcas are found in the United States — 
namely, Black (Single- and Rose-Comb), White (Single- and Rose-Comb), 
and the Single-Comb Buff. 

Anconas. Since the Standard description of the type of this breed does 
not differ from that of the Leghorn, it appears that the Anconas might very 
well have been called mottled Leghorns. The breeders of Anconas have not 
been active in developing their ability as producers of eggs, and as a result 
the White Leghorn breeders have supplied the demand for high-producing 
birds which lay large eggs, and the Anconas have gradually decreased in 
popularity. 

Other breeds. The other breeds in this class are the White-Faced Black 
Spanish, Blue Andalusians, and Buttercups. These breeds have not gained the 
favor of the American farmers or poultrymen because other breeds possess- 
ing similar characteristics and producing white-shelled eggs have been more 
efficient producers of eggs which satisfy American market requirements. 

English Class 

The breeds of English origin include rhe Orpingrons, Cornish, Australorps, 
Dorkings, Sussex, and Redcaps. They all have white skin except the Cornish, 
which has yellow skin. The breeds in this class have red earlobes and all ex- 
cept the Dorkings and Redcaps lay brown-shelled eggs. They possess good 
meat quality but some markets prefer poultry with yellow skin and therefore 
discriminate against these white-skinned breeds. The Cornish are poor lay- 
ers, but they possess excellent meat type, having particularly well-developed 
breasts. 

Orpingtons. The Orpington name came from the town of Orpington in 
Kent County, England, the home of William Cook, who developed Black 
Orpingtons. Of the four varieties — Buff, White, Blue, and Black — the Buff 
Orpington (Fig. 2-7) is the only variety which has widespread distribution 
in the United Stares, but its popularity has declined in recent years. 

Cornish. The American Standard describes three varieties of Cornish. 
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Dark, White, and White-Laced Red. The Cornish, formerly called the Cornish 
Indian Game, are very closely feathered and have unusually compact bodies. 
In recent years the Cornish have been used to develop white males for cross- 
ing to produce better meat type broilers. , 

Dorking. The Standard recognizes three varieties: Silver-Gray, White, and 
Colored. Columella, a Roman agricultural writer of the first century A.D., no 
doubt referred to the ancestor of the Dorking fowl when he stated: "Those 
are believed to be the best breed that have five toes." 

Sussex. Of the three Standard varieties — Speckled, Red, and Light — only 
the Speckled. Sussex has met with favot in the United States, and of this 
variety there are only a few breeders. The Sussex are splendid meat birds and 
have been prized as market poultry in England for the past two hundred years. 
The Light Sussex is the most popular variety of this breed in Canada and 
England. 

Australorps. This breed, as its name indicates, is an Australian Orpington. 
The Black Orpingtons which were taken to Australia were there bred into a 
very productive fowl and established at one time the world’s annual egg 
record in an egg-laying contest. Black Australorp cockerels are used for cross- 
ing with White Leghorns to produce Austra-whites. 

Redcaps. This breed is seldom found in the United States. It apparently 
has only a limited following in England. The Redcaps produce eggs with 
white shells. 


Asiatic Class 

The breeds of Asiatic origin have made valuable contributions to the blood 
lines of breeds in the American and English classes. Apparently the descend- 
ants of the jungle fowl and the Malay fowl were not interbred until they 
reached England and America in the nineteenth century. The large breeds im- 
ported into these countries from China and India evidently possessed plenty 
of size, stamina, and egg-laying ability. This stock made valuable contribu- 
tions in the development of the American breeds and in this manner rendered 
the poultry industry of America a distinct service. However, their popularity 
as pure breeds has gradually decreased. 

Brahmas. This breed (Fig. 2-8) came originally from the Brahmaputra 
district of India. The Gray Chittagongs still found in this part of India ate 
quite similar to the modem Brahma. The first specimens imported to Amer- 
ica in 1846 and England in 1853 were light in color. The varieties Light and 
Dark were developed in America and England. The decline in popularity of 
the Brahmas was probably due to the fancier’s overemphasis on feather de- 
velopment and neglect of production qualities. 

Cochins. When first imported to America about 1847, the fowls which 
later came to be known as Cochins were called Shanghais. Theit popularity 
was greatly enhanced m England by the interest manifested by Queen Victoria 
m exhibiting them at the Royal Dublin Society Show in April 1846 Thev 
ate repotted to have created the "hen fever" and started the chicken fancy 
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Fig. 2 - 6 . Some breeds of the Mediterranean Class. Top. Single-Comb Anconas. Center, 
Singte-Comb Block Minorca*. Bottom, Single-Comb White Leghorns. 


in America. The original importations were various shades of buff color and 
were said to be the first buff-colored fowls seen in England and America. 

The popularity of the Cochins waned when the public discovered that they 
were poor producers and very broody. This is an example of what improper 
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breeding can do to destroy a breed. If the breeders had bred for nonbroodiness 
and eee production instead of concentrating effort on profuse and loose 
feathering, this breed, which had an auspicious beginning, might have re- 
mained one of the popular breeds of America. 

Langshans. The Black Langshan was taken to England from China in 
1872 and was imported to the United States from England. Though excel- 
lent flocks of Langshans were found a few years ago, their popularity has also 
declined. Artificial standards for the long-legged type injured their economic 
quality and contributed to their present unpopularity. 


Other Standard Classes 

, y< Th e American Standard of Perfection describes several classes of chickens 
'' -which have but little economic importance in the United States. Many of the 
breeds in these classes ate of interest to fanciers only, while others are popu- 
lar breeds in their homelands. 

Polish class. The "Paduan" fowl which was described in Italy as early as 
1600 possessed characteristics quite similar to the Polish breed. The Polish 
(Fig. 2-9) are crested and have an unusual skull structure. This peculiar skull 
formation suggests a crested jungle fowl ancestry. The Polish in the United 
States are a fancier’s fowl. 

Hamburg class. The Hamburgs originated in Holland. When first intro- 
, duced into England and America they were popular with the fanciers, and at 
one of the early Boston shows three hundred specimens of this breed were 
exhibited. They remain a fancier’s fowl and therefore are of little economic 
importance to the poultry industry of the United States. 

French class. The French breeds and varieties described in the American 
Standard are Houdans (Mottled and White), Crevecoeurs (Black), LaFleche 
(Black), and the Faverolles (Salmon). These breeds are noted for the quality 
of their meat. The Houdans are sometimes found in the show room in the 
United States but other breeds are rarely seen even in these poultry exhibi- 
tions. 

Continental class. The American Poultry Association recognizes only the 
Campines (Silver and Golden) and the Lakenvelders. These fowls have been 
bred in Belgium and Germany for several centuries. The modern Campine 
is reported to be half Campine and half Braekel. Though similar to the Leg- 
horn in many respects, this breed has not been popular in America. 

Game and Game Bantam class. The modern Game fowl is an exhibition 
bird and is raised for ornamental purposes. Though cockfighting is outlawed 
in the United States, the sport remains one of the gambler’s devices for stimu- 
lating betting, and it is said that outside the law the sport flourishes in some 
communities. The English Pit Game is used for this purpose. 

Oriental class. As the class name and the names of these breeds (Sumatra 
developed in Cuba” 6 ’ ^ ff ° m southeastern A$ia - The Cubalaya was 
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Fig. 2-7. Soma breeds of the English Class, tipper left, Silver-Gray Dorkings, tipper right, 
BuR Orpingtons, lower left, Speckted Sussex, lower right. Dork Cornish. 

Ornamental Bantams. The Bantams are excellent pets for children and 
ideal for the true fancier who desires to tty his hand at shaping the type and 
arranging the color designs of his chosen variety. 
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Non-Standard Breeds and Varieties 


While there ate many varieties of chickens which have not been admitted 
to the American Standard, only those which have attracted the public because 
of some peculiar character or their economic possibilities will be discussed 


'Yokohama. This long-tailed Japanese breed is of interest because of the 
unusual tail development. The sickle feathers sometimes attain a length of 
from fifteen to twenty feet. 

Araucma. This breed, first reported in 1914 from South America, is often 
rumpless, has a peculiar muff development, and lays eggs with blue shells 
( but often containing some brown or red pigment) . 

Naked-necked fowl. This breed, referred to as the "Turken,” has a bare 


Crossbred poultry. In recent years the crossing of purebred breeds of 
chickens has received considerable attention by poultrymen. Some of the 
more common crosses used are Cornish with "White Rocks or New Hamp- 
shire*, Black Australorps with White Leghorns, and White Leghorns with 
Rhode Island Reds. 

In-crossbred poultry. In-crossbreds are produced by crossing inbred lines. 
The mating of dose relatives for several generations is necessary to produce 
an inbred line (p. 92). Such lines are more uniform genetically than non- 
inbred lines. When inbred lines are crossed, the performance of their off- 
spring is more uniform than random mated non-inbred lines. Thus, by testing 
and reproducing for sale only the better combinations of inbred lines, the 
performance of in-crossbreds as a group is improved. The principle is similar 
to that of producing hydrid corn. 


Choosing a Variety to Raise 

That there is a great diversity of opinion as to the best variety of poultry 
to raise is evidenced by the 189 varieties which the American Poultry As- 
sociation recognizes. Each variety has its advocates. The Bantams surely 
have a place as pets, the Games and Game Bantams are the fanciers’ creation, 
the breeds in the Mediterranean class are preferred because of their heavy 
production of large white-shelled eggs, and the breeds of the English class 
and the American class are good producers of eggs and meat. Each color par- 
tem has its champions. The beginner will do well to observe the successful 
poultry-man or breeder and start with some of the same stock. Many beginners 
have permitted some minor and probably fancy point to influence their selec- 
tion of a variety uhich later caused the failure of their poultry enterprise. 

Poultry producers have in recent years become more discriminating in their 
selection of varieties of poultry to raise. They are paying more attention to 
the productmty of the stock they purchase and placing less emphasis on color 
or leathers and other minor characters. This trend is shown in Table 2-1. 
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Fig. 2-8. Breeds of the Asiatic Class. Top, Black langshans, Center, Buff Cochins. Bottom, 
Light Brahmas. 

Results in official egg-laying contests. The reports from the official egg- 
laying contests (p. 514) should be of help to persons selecting a variety 
to raise. Table 2-2 presents a summary of the egg production of the principal 
entries in the official egg-laying contests of the United States in the years of 
1957-58. It is evident from these results that only a few varieties remain 
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Non-Standard Breeds and Varieties 


•While there ate many varieties of chickens which have not been admitted 
to the American Standard, only those which have attracted the publtc because 
of some peculiar character or their economic possibilities will be discussed 

Yokohama. This long-tailed Japanese breed is of interest because of the 
unusual tail development. The sickle feathers sometimes attain a length ol 
from fifteen to twenty feet. , . . 

Araucaoa. This breed, first reported in 1914 from South America, is often 
rumpless, has a peculiar muff development, and lays eggs with blue shells 
(but often containing some brown or red pigment) . 

Naked-necked fowL This breed, referred to as the "7utV.cn," has a bare 


Crossbred poultry. In recent years the crossing of purebred breeds of 
chickens has received considerable attention by poultrymen. Some of the 
more common crosses used are Cornish with White Rocks or New Hamp- 
shires, Black Australorps with White Leghorns, and White Leghorns with 
Rhode Island Reds. 

In-crossbred poultry. In-crossbreds are produced by crossing inbred lines. 
The mating of close relatives for several generations is necessary to produce 
an inbred line (p. 92). Such lines are more uniform genetically than non- 
inbred lines. When inbred lines are crossed, the performance of their off- 
spring is more uniform than random mated non-inbred lines. Thus, by testing 
and reproducing for sale only the better combinations of inbred lines, the 
performance of in-crossbreds as a group is improved. The principle is similar 
to that of producing hydrid corn. 


Choosing a Variety to Raise 

That there is a great diversity of opinion as to the best variety of poultry 
to raise is evidenced by the 189 varieties which the American Poultry As- 
sociation recognizes. Each variety has its advocates. The Bantams surely 
have a place as pets, the Games and Game Bantams are the fanciers' creation, 
the breeds in the Mediterranean class are preferred because of their heavy 
production of large white-shelled eggs, and the breeds of the English class 
and the American class ate good producers of eggs and meat. Each color pat- 
tern has its champions. The beginner will do well to observe the successful 
poultiyman or breeder and start with some of the same stock. Many beginners 
have permitted some minor and probably fancy point to influence their selec- 
tion of a variety which later caused the failure of their poultry enterprise. 

Poultry producers have in recent years become more discriminating in their 
selection of varieties of poultry to raise. They are paying more attention to 
the productivity of the stock they purchase and placing less emphasis on color 
ot leathers and other minor characters. This trend is shown in Table 2-1. 
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Fig. 2-8. Breeds of the Asiatic Class. Top, Black Langshans. Confer, Buff Cochin*. Bottom, 
Light Brohmg*. 


Results in official egg-laying contests. The reports from the official egg- 
laying contests (p. 514) should be of help to persons selecting a variety 
to raise. Table 2-2 presents a summary of the egg production of the principal 
entries in the official egg-laying contests of the United States in the years of 
1957-58. It is evident from these results that only a few varieties remain 
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Table 2-1 


BREED DISTRIBUTION IN HATCHERY SUPPLY FLOCKS IN, THE NATIONAL 
POULTRY IMPROVEMENT PLAN 1 


OUOtVATlOf 

• Yem 

1957-58 

1941-42 


47 

35,588,55$ 

57.7% | 

17.0 1 

10.1 

8.4 I 

3.2 1 
1.7 

0.7 

1.2 

33 

10,712,027 

2.0% 

24.1 

15.6 

21.2 

12.5 

16.2 

8.4 

Number of birds under supervision 




New Hampshire 

Rhode Island Red 

Other 
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popular and most productive. 

Random sample tests. In recent years less biased methods for measuring 
the productivity of poultry stocks have been developed. The most widely 
publicized of these have been the random sample tests (p. 514). These tests 
are conducted for egg, broiler, and turkey production. 

Random sample egg laying tests. Random sample tests designed to 
measure the egg production of different stocks have been established in sev- 
eral states (p. 514). Information from these rests includes nor only the num- 
ber and size of eggs, which was about all the Standard Egg laying Tests re- 
ported, but also egg quality measurements, observations, mortality, feed effi- 
ciency, and income over feed and chick costs. These tests provide the public 
with information essential for selecting egg producing stocks. 

On-tbe-farm tests. Iowa has developed an on-the-farm test which offers 
even better criteria for comparing egg stocks. This test evaluates stock on the 
basis of ten pens distributed over several locations and managements- 

Broiler tests. Tests designed to determine the meat production qualities 
of different meat stocks have been established in some states (p. 515). Some 
° f «™ a ' !0 “'“"'f the "P‘°d<Ktiv C performance of the parental stock. 
^ i S T P '”' k 7 Rand0m »”>ple mrkey ,« K have been 
developed rn a few stares (p. 515). These rests attempt to measure the meat 

memff ° rmanCe s ' ,mmaties - The United States Depart- 
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O&S; WpM 10 ‘ he beginner for a 

The poultry raise, should select rhe most pr«We strains for his poultry 
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Table 2-1 

BREED DISTRIBUTION IN HATCHERY SOTPEY FLOCKS IK THE NATIONAL 
POULTRY IMPROVEMENT PLAN . 
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popular and most productive. 

Random sample tests. In recent years less biased methods for measuring 
the productivity of poultry srocks have been developed. The most widely 
publicized of these have been the random sample tests (p. 514). These tests 
axe conducted for egg, broiler, and turkey production. 

Random sample egg laying tests. Random sample tests designed to 
measure the egg production of different stocks have been established in sev- 
eral states (p. 514). Information from these tests includes not only the num- 
ber and size of eggs, which was about all the Standard Egg Laying Tests re- 
ported, but also egg quality measurements, observations, mortality, feed effi- 
ciency, and income over feed and chick costs. These tests provide the public 
with infotmation essential for selecting egg producing stocks. 

On-the-farm tests. Iowa has developed an on-the-farm test which offers 
even better criteria for comparing egg stocks. This test evaluates stock on the 
basis of ten pens distributed over several locations and managements. 

Broiler tests. Tests designed to determine the mear production qualities 
of different meat stocks have been established in some states (p. 515). Some 
of these tests also measure the reproductive performance of the parental stock. 

Random sample turkey tests. Random sample turkey tests have been 
developed in a few states (p. 515). These tests attempt to measure the meat 
production qualities of turkeys including feed efficiency and morality, 

U. S. Record of Performance summaries. The United States Depart- 
ment of Agriculture has in recent years issued an annual summary giving the 
results of records made on rive breeders premises under UA -R.O p. supervision. 
This information should also be quite helpful to the beginner looking for a 
variety of chickens to raise (Table 2-3). 

The poultry raiser should select the most productive strains for his poultry 



Fig, 2-10, Mole heodi ihowing defective combi; 1, thumb mark; 2, lopped (tingle); 3, hollow 
center; 4, *ide-iprlng; 5, uneven lerrationi; 6, twisted. 


Exhibiting Poultry 

Because of the shift in emphasis from the exhibition ideal to the utility 
goal, the exhibition of poultry has almost become a lost art. 

Birds sent to shows should be placed in large coops where they have plenty 
of feed. Unless water can be placed in containers in the coops so that there is 
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Table 2-2 


PRODUCTION SUMMARY OF ENTRIES WITH 90 OR MORE BIRDS IN OFFICIAL 
EGG LAYING TESTS FOR 1957-58 * 


Breed 

No. or 

Po ",:v” 

Escjrrx 

[ PlR CETT 
Mortality 

Average 

OZ. I DOE. 


1781 

255.36 

246.15 

9.10 

25.24 


481 

252.93 

239.74 

7.48 



728 

249.91 

236 48 

8 52 

26.21 

White Plymouth Rock. . 

247 

221.41 

212.02 

8.10 

26 01 

Barred Plymouth Rock. 1 

156 

230 69 

222.37 

13.46 

25.90 


78 

271.13 

256.56 

3.85 

25.59 

Random Breds 

52 

195.54 

202.11 

9.62 

24.04 


1 Council of American Poultry Teit». Report 20. 


Judging Poultry 

The judging of poultry for exhibition quality, though not emphasized as 
much as if was twenty-five years ago, is important and should be understood 
by students interested in poultry. Although the emphasis has been shifted to 
utility and the demand for fancy feathers has decreased, breed type and the 
more fundamental exhibition qualities should be preserved in the so-called 
production strains. 


SCALE OF POINTS USED IN JUDGING VARIETIES FOUND IN THE AMERICAN, 
MEDITERRANEAN, ENGLISH, AND ASIATIC CLASSES 



Whitt. 

Solid Color Other I 
Thak White | 

Parti-Colored 


Shape 

Color 

Shipe 

Color 

Shape 

Color 




, 




2. Weight or size 










10 


10 

5 


4. Comb 

5 


5 

i 


6. Head 






7. Eyes 

2 

2 

2 

2 

2 

2 

9. Ear lobes . ... 

10. Neck 

11. Wings 

12. Back 

13. Tail . . 

14. Breast 

15. Body and fluff 

16 Legs and toes 

2 

3 

8 

5 

7 

5 

5 

2 

3 

3 

4 

3 

3 

3 

3 

2 

2 

4 

7 

4 

5 

5 

5 

2 

4 

4 

5 

4 

5 

3 

3 

2 

1 

3 

6 

4 

5 

4 

5 

2 

5 

5 

6 

4 

5 

4 

3 

_ 

72 

28 

66 

34 

62 

38‘ 



Fig, 2-10, Mol* hsods showing defective tombs: 1, thumb mark; 2, lopped (single); 3, hollow 
center; 4, side-spring; 5, uneven serrations; 6, twisted. 


Exhibiting Poultry 

Because of the shift in emphasis from the exhibition ideal to the utility 
goal, the exhibition of poultry has almost become a lost art. 

Birds sent to shows should be placed in large coops where they have plenty 
of feed. Unless water can be placed in containers in the coops so that there is 
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little danger of the bird or coop becoming soiled by if, some succulent feeds 
should be placed in the coop instead of water. If convenient, the owner of 
the birds should attend the show and carefully groom the birds before they 
are judged and be present to show them to interested spectators and pro- 
spective customers. ^ 

Many breeders have abandoned the exhibition poultry shows because of 
the danger of introducing disease back in their flocks. The shows should bar 
all diseased birds and take all practical sanitary measures to prevent any out- 
breaks of disease during the show. All birds returned to the breeders’ premises 
should be kept away from the flock for two weeks. Some breeders make it 
a policy to sell all birds exhibited and never return them to their flocks. 

The tendency in poultry exhibitions is to show not only the live birds but 
to exhibit their products, such as eggs, chicks, and dressed birds- If the hazards 
of disease are not eliminated, poultry shows may ultimately become exhibits 
of poultry products. 

IMPORTANT GENERAL DISQUALIFICATIONS 

Weight. Leghorn and Ancona males more than one and one-half pounds 
and females more than one pound below Standard weight. All other speci- 
mens except Bantams more than wo pounds underweight. 

Shape. Deformed back or beak. Split or slipped wing. Wry or squirrel tail 
(Fig. 2-10). Crooked breastbone in turkeys. Twisted feather in wing or tail. 
Single combs lopped, split, or having a side sprig. Rose combs obstructing 
sight or without a spike. Combs foreign to the breed. Feathers on shanks or 
feet of any variety required to have unfeathered shanks. Decided bowlegs or 
knock-knees. 

Color. Positive enamel white in the earlobes of the American, Asiatic, and 
English varieties except Dorkings, Redcaps, and Lamonas. Positive enamel 
white in the face of all Mediterranean cockerels and pullers except rhe Whire- 
Faced Black Spanish. Shanks or feet of color foreign to rhe breed. Red or 
yellow in the plumage of any black variety. Foreign color in any whire variety 
except slight gray ticking. 1 

Table 2-3 


RCG PRODUCTION OF THE STOCKS ENTERED IN U.S.R.O.V. 1937-58 FROM 
U.S-R-O.P. SUMMARY 
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Fig. 2-11. Kansas State poultry judging team, winners in the Chicago contest, 1958. 


The American Standard of Perfection should be consulted for the detailed 
description of all Standard varieties and for a complete list of all defects and 
disqualifications. 


Poultry-Judging Contests 

The judging of poultry by students of poultry husbandry has been encour- 
aged during recent years by judging contests for 4-H Club members, voca- 
tional agricultural students, and college students. 

In many colleges of agriculture, students interested in poultry judging 
compete in contests sponsored by poultry dubs and departments of poultry 
husbandry. Regional contests (East, South, and Midwest) are generally held 
each year. The Eastern Conrest was started in 1915 and the Midwest Con- 
test in 1921. The latter has become more of a national contest with more 
than twenty teams generally entered. This contest includes the following: 
placing birds for egg production and for breeders, grading eggs, dressed birds, 
and live market birds. 
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Chapter 3 


The Anatomy and Physiology 
of the Chicken 


General Characteristics 

The chicken may be considered as a delicate, sensitive, and highly-geared 
organism. A knowledge of its structures, their functions and operation, is 
necessary in order to understand the bird’s needs and care. 

Structural peculiarities. Birds are just above the reptiles in the scale of 
animal development (Fig. 1-1). They are warm-blooded and covered with 
feathers, while reptiles are cold-blooded and usually covered with scales or 
horny plates. The scales on the shanks and toes of birds are evidence of their 
reptilian ancestors. Birds have compact bodies, light skeletons, and well- 
developed wings and legs, adapted for flying or running. 

Intensity of life. Birds are active, nervous, and alert in comparison with 
their slow-moving relatives, the reptiles. The nervous system is highly de- 
veloped and the senses of sight and hearing are keen. Food is carefully se- 
lected and quickly and thoroughly digested. Oxidation takes place quickly, 
and a normal temperature of 105° to 109.5° F. is maintained. 

Body systems. The body of the chicken is composed of groups of tissues 
and organs which carry on the body processes (Fig. 3-1 ) . 

The Body Covering or Exoskeleton 

The body covering consists of the skin and irs derivatives — the comb, wat- 
tles, earlobes, feathers, beak, toenails, and scales. 

The skin. The skin of birds is relatively thin when compared with that 
of mammals. It has no sweat or sebaceous glands, except the uropygial or 
preen gland at the base of the tail. 

The skin is a protective body covering. It consists of an outer layer, the 
epidermis, and an inner layer, the dermis. The feathers, beak, toenails, and 
scales develop from the epidermis. The comb, wattles, and earlobes develop 
from the dermis. 

The uropygial gland produces an oily substance which the bird works 
into the plumage with its beak. The substance serves for weatherproofing 
the feathers. 

A network of delicate nerves, muscles, and blood vessels courses the skin 
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Fig. 3-1. Sectional diagram of the chicken. 

and extends to the feather roots. The skin of a fowl is very sensitive when a 
bird is molting. 

The color of the skin, beak, and shanks is determined by the presence of 
skin pigments. For instance, yellow shanks are due to the presence of lipo- 
chrome pigment in the epidermis, with the absence of melanin pigment. 
Black and its variations depend upon the presence of melanin pigment. When 
a bird is in production, the yellow bleaches out of the skin, eye rings, earlobes, 
beak, and shanks. The practical use of pigmentation for estimating the past 
laying performance of hens is discussed on page 85. 

When a bird is growing or in production, the skin is soft and waxy. When 
a bird is out of production or in poor health, the skin is hard and dry. 

Feathers. A bird is known by its plumage. Feather patterns and colors are 
made use of in identifying breeds and varieties of chickens (Fig. 2-2). 

Feathers help protect the body from physical injury and aid in keeping it 
warm. Wing feathers are essential for flight. In most species of birds, in- 
cluding the fowl, the feathers are arranged in rows in definite areas or feather 
tracts. The ten major feather tracts of the chicken, listed in the usual order of 
feather development, are shoulder, thigh, rump, breast, neck, abdomen, leg, 
back, wing, and head. 
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There are three principal kinds of feathers, based on structure: contour, 
plumule, and filoplume. Contour feathers cover the body. They vary greatly 
in size and shape, depending on the sex of the chicken and location of the 
feathers on the body. Contour feathers so completely cover the body that 
they conceal possible body defects. It is therefore essential to handle the birds 
in order to determine their true body shapes. Plumules or small downy feathers 
cover chicks and are found on adult birds beneath the contour feathers. They 
possess a soft shaft and a vane without barbs. They retain body heat well. 
Filoplumes are hairlike degenerated feathers, remaining after a bird has been 
plucked. They are particularly abundant in the region of the head and neck. 

A typical feather consists of eight parts: the quill, shaft, accessory plume, 
fluff or undercolor, web or surface colors, barbs, barbules, and barbicels (Fig. 
3-2) . The quill is cylindrical and hollow and makes up the base of the feather. 
Nutritive material for feather growth enters through the quill, giving it a 
pink to black appearance. In mature feathers the quill is filled with a gray 
pulp. The shaft or rachis is the continuation of the quill or stem up through 
the center of the feather. The accessory plume is a small rudimentary feather 
or down growing on the under side of the feather at the base of the shaft. 
It appears only on mature feathers and hence serves a useful purpose in 
distinguishing old feathers from the new. The fluff or undercolor is the 
downy portion of the feather, not visible when feathers are in normal posi- 
tion. The web or surface color is the flat visible portion of the feather. The 
barbs are projections extending from both sides of the shaft. The barbules are 
small processes projecting from either side of the barbs. The barbules from 
one side of a barb fit into notches of the barbules projecting from the adjacent 
side of the next barb. The barbicels or cilia are outgrowths from the sides of 
the barbules. Some of them bear microscopic hooklets which are linked to 
the barbules next in front. The barbules and barbicels hold the barbs together 
and add strength to the feather. 

In the newly formed bird, the first indication of feathers is the formation 
of tiny papillae or buds on the delicate skin of the embryo (about the sixth 
day in the chick). The skin immediately around the papilla sinks downward, 
so that later the papilla is enclosed in a follicle of the skin. 

The outer layer of the epidermis forms for the developing feather a 
protective sheath, which is cast off as the feather is formed. The elements of 
the tip and border of the feather are first laid down and then the shaft and 
the quill. 

A second generation of feathers (at time of molt) is formed from the 
persisting follicles. A feather bud starts to grow at the base of the old feather, 
causing it to loosen and finally fall our. In the general body plumage a feather 
is not often regenerated more than three times. The precise pattern of the 
feather is usually reproduced each time. 

Coloration of plumage is produced by pigments, by physical structure, or 
by combinations of them. Physical or structural coloration is illustrated by 
color changes with changing light and position of the eye. The pigments are 
chiefly lipochromes and melanins. 



fig. 3-2. Structure and development of the feather (diagrammatic). I. A typical feather: 
C, column* or quill; A.S-, ofter-thaft, R, rachb; W, u»eb vane and barbs. U. An enlarged 
port of vane-, ft. jmKIij ft, barb; hft, anterior barbule; ft.ftft, posterior batbule. III. Tv«o 
barbs enlarged. IV. An early stage In feather development: Y.F, young feather; P, the 
Internal pulp or dermii; F f , the feather follicle; D, the dermis. V. A later stage in feather 
development: R. barbs; SH, sheath; D, dermii; P, pulp; and F, follicle. 
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Feathers are composed chiefly of proteins. They constitute from 4 to 9 
per cent of the empty live weight, depending on the age and sex of the in- 
dividual. An adequate supply of good quality protein in the ration is es- 
sential for normal feather growth. Fairly high humidity and a moderate 
temperature are also conducive to good feather growth. Activity of the en- 
docrine glands influences feather development. For example, castrated male/ 
(capons) grow longer neck, saddle, and tail feathers than do cockerels (Fig. 

3-14). 

Feather shapes and colors are helpful in the determination of sex and age 
of birds. For example, the saddle feathers of males are long and "pointed, 
while the corresponding cushion feathers of females are short and rounded. 
This characteristic difference is helpful in separating the sexes of general- 
purpose breeds of broilers. The large feathers of the wings and rail are defi- 
nite in number and are generally molted and replaced in regular order. This 
fact is made use of in culling and selecting birds for egg production (Chap- 
ter 4). 


The Skeletal System 

The skeleton serves as a framework for the body and the attachment of 
muscles, protects vital organs, holds the bone marrow, and contains air spaces 
which aid in flight and respiration. Hie bone marrow produces the red blood 
cells and part of the white cells. 

The birds skeleton (Fig. 3-3) differs very materially from thac of the 
mammal. The bones are light and in some of them the bone marrow is re- 
placed by air spaces. Many of the bones are fused together, thereby giving 
greater rigidity to the body. The limbs are adapted for both walking and 
flying. The skeleton is more compact than that of mammals and contains 
fewer bones. 

The head is small in comparison with other body parts. The jaws are 
known as mandibfes and form the birds beak. The nasa/ cavities open into 
the roof of the mouth from a point just back of the upper mandible. The 
orbit cavities are large. The brain is well encased in the rounded and fused 
cranial bones. 

The neck is long and very flexible. The cervical vertebrae fit upon each 
other in such a way that there is great freedom of movement of the head and 
neck for eating, care of plumage, defense, and other purposes. 

The backbone shows much fusion of vertebrae. It ends in a rudimentary 
tail, the pygoscyle. The pygoscyle supports the main tail feathers. 

The udngs correspond to the arms and hands of man. The large humerus 
bone connects with the interdavicular air sac (Fig. 3-6). There are three 
fingers but only one of them is well developed. The wing is carried folded 
on the back. 

The hind limbs are adapted for walking and perching. The thigh is con- 
cealed beneath the feathers. The tibia or ''drumstick" is the largest bone of 
the limb. Most breeds of chickens have four roes, three extending forward 
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Fig. 3-3. The skeleton of a f«wL 


and one backward, although Dorkings and Houdans have five toes. The toes 
end in claws, which aid in scratching and perching. The spur above the toes 
is more developed in males than females and is used for defense. The older 
the bird, the greater the spur development. 

The ribs are attached above to the spinal column and below to the sternum. 
They are braced to each other by bones to give a firmer framework. 

The sternum or breastbone is very large and projects back beyond the ribs. 
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forming a part of the abdominal floor. The sternum protects the vital organs 
above it. A thin blade, the keel, projects downward from the sternum. The 
flight muscles are attached to it. 

The pectoral girdle, corresponding to the shoulder girdle in mammals, 
consists of the scapulae or shoulder blades, the coracoids, and the clavicle or 
"wishbone." 

The pelvic girdle is not a closed system of bones as in mammals. It makes 
reproduction or egg laying less difficult. The pelvic girdle consists of the ilia, 
ischia, and pubes or "lay bones” in the hen. The pubes have a tendency to 
straighten out when a bird is in production and to curve in when the bird 
is out of production. There is a tendency for the rear of the keel to drop 
down when a bird is in production and to be drawn up toward the pubes when 
the bird is out of production. 

Bone tissue is first laid down as cartilage. This is followed by ossification 
or the deposit of inorganic salts, chiefly calcium phosphate. The dry matter 
of bone consists of about 75 per cent organic matter and 25 per cent inorganic 
matter. During the growth of long bones, such as those of the legs and 
sternum, unossified growth zones are left near the ends. They finally ossify. 
The rear of the sternum, for instance, does not harden and may be bent until 
the bird is nearly a year old. An examination of the sternum may be used to 
differentiate between pullets and hens. 

A deficiency of viramin D or minerals results in poor calcification and weak 
spongy bones of low ash content. This nutritional disease of the bones is 
known as rickets. An excessive amount of phosphorus or a deficiency of 
manganese in the ration results in enlarged hock joints and crooked legs 
among broilers. This bone disease is known as perosis. These and other 
nutritional diseases are discussed in Chapter Nine. 

The Muscular System 

The muscles produce body movements, generate body heat, cover the 
bones, and fill out the body contour. The muscles of the wings, legs, abdomen, 
and other parts of the body work in pairs. While one of the pair contracts to 
cause movement the other one relaxes. Muscle work requires food for energy 
and produces body heat. 

The pectoral muscles, the largest in the body, raise and lower the wings. 
They are attached to the sternum and keel of the fowl and constitute the 
"breast" of the bird. Muscles which open and close the wing are attached to 
the humerus. 

The pecttneus muscle (m. ambiens) found in the hind limb of the fowl 
does not have a counterpart in mammals. It enables the bird to maintain 
itself upon a perch even while asleep. When the hind limb is bent, a slender 
tendon which crosses obliquely the front of rhe knee joint exerts a pull on 
the flexor muscle that bends the toe automatically round the perch. When 
resting, the mere weight of the body bends the hind limbs and conse- 
quently causes the toes to grasp the perch and hold the bird firmly in place. 

The diaphragm of the fowl is rudimentary and does not form a partition 
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between the thoracic and abdominal cavities as in mammals. The muscle is 
represented by a tendinous membrane, lying on the ventral surface o t e 

The dermal muscles extending to the base of feathers make feather move- 


ment pOSSIDIC. . . 

Muscles are supplied by nerves and blood vessels. Oxidations in muscles 
with resulting heat and energy production are determined by the blood circu- 
lation. Both the blood vessels and muscles are controlled by nerves. When 
nerves ate destroyed, or paralyzed by toxins, there is a loss of muscular activ- 
ity and the bird becomes paralyzed. Abnormal muscle development or con- 
trol is responsible for such body defects as wry tail and split wing. 

Myoglobin pigment, found in thigh muscles but not in breast muscles, ac- 
counts for the difference in dark and light meat. 


The Digestive System 


The digestive system consists of the alimentary tract and its accessory or- 
gans — t he liver, pancreas, and spleen. It differs very materially from that of 
mammals. 

The digestive system serves for food intake, storage, digestion, and elimi- 
nation of body waste products. 

The alimentary tract. The alimentary tract (Fig. 3-4) consists of the 
mouth, gullet, crop, glandular stomach, gizzard, small intestine, ceca, large 
intestine, cloaca, and anus. 

The mouth is characterized by the absence of lips, cheeks, and teeth. The 
chicken is provided with a beak which is used in tearing apart and picking 
up its food. The pointed tongue is provided with barbed-like projections 
which serve the purpose of forcing the food back to the gullet. A small cup- 
like projection is made in the tongue for holding water when drinking. The 
bird must raise its head when swallowing or the water will run out through 
the nostrils, which open into the roof of the mouth. Numerous mucous 
glands in the mouth provide saliva for moistening the food for ease in swal- 
lowing. 

The gullet is the tube leading from the back parr of the floor of the mourh 
(pharynx) to the glandular stomach. It is characterized by its great expansi- 
bility. 

The crop is the enlargement of the gullet just before it enters the body 
cavity. It serves for the temporary storage of food. Here the food is softened 
by saliva that was swallowed with the food, and by secretions from the crop 
wall. r 


The glandular stomach (proventriculus) is the thickened portion of the 
tube connecting the gullet and the gizzard As the food passes from the crop 
to the gizzard, the glandular cells of the proventriculus secrete a pepsin-hydro- 
chloric acid mixture into the canal which passes with the food to the giiard. 

e gizzard or muscular stomach joins the glandular stomach and the duo- 
denal loop of the small intestine. Its walls consist of large, red, thick powerful 
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fig- 3-4. The Intejtinol iroct and other Internal ttructure* of the fowL 


muscles and its lining is a thick homy epithelium. The gizzard crushes food 
particles and mixes them with the pepsin-hydrochloric acid solution. Proteins 
are partly digested and minerals are dissolved in the gizzard. 

The small intestine extends from the gizzard to the large intestine. It con- 
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between the thoracic and abdominal cavities as in mammals. The muscle is 
represented by a tendinous membrane, lying on the ventral surface of the 

'Hie dermal muscles extending to the base of feathers make feather move- 
ment possible. . . , 

Muscles are supplied by nerves and blood vessels. Oxidations in muscles 
with resulting heat and energy production are determined by the blood circu- 
lation. Both the blood vessels and muscles are controlled by nerves. When 
nerves are destroyed, or paralyzed by toxins, there is a loss of muscular activ- 
ity and the bird becomes paralyzed. Abnormal muscle development or con- 
trol is responsible for such body defects as wry tail and split wing. 

Myoglobin pigment, found in thigh muscles but not in breast muscles, ac- 
counts for the difference in dark and light meat. 


The Digestive System 


The digestive system consists of the alimentary tract and its accessory or- 
gans — the liver, pancreas, and spleen. It differs very materially from that of 
mammals. 

The digestive system serves for food intake, storage, digestion, and elimi- 
nation of body waste products. 

The alimentary tract. The alimentary tract (Fig. 3-4) consists of the 
mouth, gullet, crop, glandular stomach, gizzard, small intestine, ceca, large 
intestine, cloaca, and anus. 

The mouth is characterized by the absence of lips, cheeks, and teeth. The 
chicken is provided with a beak which is used in tearing apart and picking 
up its food. The pointed tongue is provided with barbed-like projections 
which serve the purpose of forcing the food back to the gullet. A small cup- 
like projection is made in the tongue for holding water when drinking. The 
bird must raise its head when swallowing or the water will run out through 
the nostrils, which open into the roof of the mouth. Numerous mucous 
glands in the mouth provide saliva for moistening the food for ease in swal- 
lowing. 

The gullet is the tube leading from the back part of the floor of the mouth 
(pharynx) to the glandular stomach. It is characterized by its great expansi- 
bility. r 

The crop is the enlargement of the gullet just before it enters the body 
cavity. It serves for the temporary storage of food. Here the food is softened 
by saliva that was swallowed with the food, and by secretions from the crop 
wall. r 


The glandular stomach (provemriculus) is the thickened portion of the 
tube connecting the gullet and the gizzard. As the food passes from the crop 
to the gizzard, the glandular cells of the provemriculus secrete a pepsin-hydro- 
chloric acid mixture into the canal which passes with the food to the gizzard. 
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denal loop of the small intestine. Its walls consist of large, red, thick powerful 
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spaces in the bones. The lungs are inexpansi- 
ble. The active part of breathing is expiration 
rather than inspiration. 

The respiratory system supplies oxygen for 
body oxidation, removes carbon dioxide, elim- 
inates water from the body, and aids in the 
control of body temperature. 

The respiratory system (Fig. 3—5) consists 
of the external and internal nares, glottis, lar- 
ynx, trachea, syrinx, bronchi, lungs, and air 
sacs. 

The external nares, or openings just back of 
the upper mandible, open into the cleft in the 
roof of the mouth. 

The glottis is the back part of the floor of 
the mouth. Air is drawn through the nasal 
cavities into the glottis, where it passes on 
through an opening into the trachea. 

The larynx is the slitlike opening, sur- 
rounded by a ring of cartilage, in the floor of 
the glottis. Ic is attached to the upper end 
of the trachea. The larynx is kept closed when 
swallowing food and water. It may become 
dogged with phlegm when a bird has bron- 
chitis, and cause death by strangulation. 

The trachea or windpipe is the tube leading 
from the larynx to the syrinx or voice box. It 
is a long tube surrounded by rings of cartilage. 

The syrinx or voice box is the constricted 
portion of the air passage at the lower end of 
the trachea. It is a flexible valve which is 
vibrated when air is forcibly expelled from the 
lungs, thus producing sounds. A number of 
muscles make it possible to alter the tension 
of this valve and consequently the number of 
its vibrations and the pitch of the note pro- 
duced. 

The branchi are the two branches leading 
from the syrinx to the lungs. 

The lungs consist of pinkish spongy masses 
of tissue imbedded in the dorsal thoracic wall 
on both sides of the spinal column. The lungs 
are coursed by many branches of the bronchi, 
which lead into minute canals beset with thin 
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Fig. 3-5. Trochea ond lungs of 
the fowl: T, tongue; HY, horns of 
hyoid; GL glottis; TR, trachea or 
windpipe; S.T.M., sternotracheal 
muscles; $Y, syrinx or voice box; 
BR, bronchal tubes: L, cavity of 
lungs; A.S, mesobronchus leading 
into the obdominol oir sac 


membranous pouches. There is a rich vascular circulation in the membranes 
of the walls of the lungs. Oxygen passes from the lungs into the blood and 
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sists of the duodenal loop and coils of the free portion. The coils are held by 
a thin membrane, the mesentery. The small intestine of the average hen is 
about sixty-two inches in length. 

Digestive juices are secreted into the duodenal loop from the pancreas 
for digestion of carbohydrates, proteins and fats. Alkaline bile is secreted 
inro this region from the gall bladder to neutralize the acids and create a 
favorable alkaline condition for the action of the digestive enzymes. Diges- 
tion is completed in the small intestine. (See Chapter 8 for digestion de- 
tails.) Absorption of digested food into the blood stream takes place in the 
coiled portion of the small intestine. 

The ceca are two blind pouches extending forward from their point of 
origin at the juncture of the small and large intestine. They are about seven 
inches long and are usually filled with soft, pasty undigested food (fecal 
material). The function of the ceca is unknown. They may be removed with- 
out impairing the health of the bird. 

The large intestine extends from the small intestine to the cloaca. It has 
about twice the diameter of the small intestine and is about four or five inches 
loQg. The large intestine holds the fecal matter until it is excreted into the 
cloaca. 

The cloaca is the enlarged portion of the alimentary canal connecting 
the large intestine and the anus or vent. Fecal material from the large in- 
testine, eggs from the oviduct, and urine from the kidneys all pass into the 
cloaca and are then eliminated by way of the vent. 

The anus or vent is the external opening from the cloaca. 

The accessory organs. The liver consists of two large brown lobes of 
tissue lying by the gizzard and duodenal loop. It produces a greenish alkaline 
fluid, the bile, which is stored in the gall bladder, a thin, dark-green sack 
located under the right lobe of the liver. The liver serves as a purification 
plant for digested food before it enters the general circulation, stores glycogen 
or animal starch, and transforms protein waste products into uric acid and 
other products suitable for elimination by the kidneys. 

The pancreas is a narrow strip of pinkish tissue lying between the folds 
of the duodenal loop. It secretes the enzymes — amylase, trypsin, and lipase 
— into the duodenal loop for the digestion of carbohydrates, proteins, and 
fats. The pancreas also secretes a hormone, insulin, which regulates sugar 
metabolism. 

The spken is generally regarded as one of the accessory organs of the di- 
gestive system. It is a reddish-brown body shaped like a buckeye. The spleen 
lies in a triangle formed by the liver, gizzard, and glandular stomach. The 
function of the spleen is not definitely known. It removes broken-down red 
blood cells and is capable of storing iron and blood. 


The Respiratory System 

The respiratory system of the chicken is quite different from that of mam- 
mals. The lungs connect with air sacs which in turn connect with hollow 
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spaces in the bones. The lungs are inexpansi- 
ble. The active part of breathing is expiration 
rather than inspiration. 

The respiratory system supplies oxygen for 
body oxidation, removes carbon dioxide, elim- 
inates water from the body, and aids in the 
control of body temperature. 

The respiratory system (Fig- 3-5) consists 
of the external and internal nares, glottis, lar- 
ynx, trachea, syrinx, bronchi, lungs, and air 
sacs. 

The external nares, or openings just back of 
the upper mandible, open into the deft in the 
roof of the mouth. 

The glottis is the back part of the floor of 
the mouth. Air is drawn through the nasal 
cavities into the glottis, where it passes on 
through an opening into the trachea. 

The larynx is the slitlike opening, sur- 
rounded by a ring of cartilage, in the floor of 
the glottis. It is attached to the upper end 
of the trachea. The larynx is kept dosed when 
swallowing food and water. It may become 
clogged with phlegm when a bird has bron- 
chitis, and cause death by strangulation. 

The trachea or windpipe is the tube leading 
from the larynx to the syrinx or voice box. It 
is a long tube surrounded by rings of cartilage. 

The syrinx or voice box is the constricted 
portion of the air passage at the lower end of 
the trachea. It is a flexible valve which is 
vibrated when air is forcibly expelled from the 
lungs, thus producing sounds. A number of 
muscles make it possible to alter the tension 
of this valve and consequently the number of 
its vibrations and the pitch of the note pro- 
duced. 

The branch i are the two branches leading 
from the syrinx to the lungs. 

The lungs consist of pinkish spongy masses 
of tissue imbedded in the dorsal thoracic wall 
on both sides of the spinal column. The lungs 
are coursed by many branches of the bronchi, 
which lead into minute canals beset with thin 



Fig. 3—5. Trachea and lung» of 
the fowl: T, tongue; HY, horn* of 
hyoid; GL, glottis; TR, trachea or 
windpipe; 5.T.M., ifemofrocheol 
muscles; $Y, syrinx or voice box; 
BR, bronchal tubes; l, cavity of 
lungs; A.S, mesobronchus leading 
Into the obdominol oir sac. 


membranous pouches. There is a rich vascular circulation in the membranes 
of the walls of the lungs. Oxygen passes from the lungs into the blood and 
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carbon dioxide passes from the blood 
to the lungs. 

The air sacs are accessory lungs. 
There are four pairs and a large single 
air sac in the fowl (Fig. 3-6)- Th^ 
connect the lungs with the hollow 
spaces in the bones of the limbs and 
other parts of the skeleton. The air 
sacs serve for respiration, impart light- 
ness and buoyancy to the body, and 
permit diffusion of water from the 
blood to be excreted from the lungs in 
the form of vapors. It is estimated that 
one hundred hens secrete about a gal- 
lon of water daily by way of the lungs. 

The interclavicular air sac connects 
the hollow spaces in the bones of the 
wings with the anterior ends of the 
lungs. The large abdominal air sacs oc- 
cupy the spaces between the abdom- 
inal organs and the body walls. They 
connect the hollow spaces of the leg 
bones with the lungs. The anterior and 
posterior thoracic air sacs lie in the 
chest cavity. They connect with the 
lungs only. The cervical air sacs He 

. . . . close to the interclavicular air sac, and 

tha Intarc'avicvilar air *ac; A.S, an out- . . 

growth into the humeru* bone; A.TH, an- connect the cervical and thoracic verre- 
terior thoracic oir me; P.th, the posterior brae with the lungs. Birds have been 
thoracic; A6D, the abdominal air sac; TR, found injured by shot, which were 
the trachea. breathing through a splintered wing 

bone when the trachea was clogged with blood excluding the passage of air. 

In respiration, as the abdominal muscles relax and the rear of the sternum 
drops down, air is drawn in through the lungs and into the abdominal air 
sacs. As the abdominal muscles contract and the rear of the keel is drawn up, 
air is forced out of the abdominal air sacs and on out through the lungs. The 
average respiration rate of the hen is 36 per minute and that of the male 20 
per minute. 



The Circulatory Systems 

The circulatory systems consist of the blood and lymph circulations. The 
blood circulation is in a closed system under pressure (90 to 180 mm.) 
while the lymph circulation is a more open system with little or no pressure. 
The blood circulation serves for the transfer of digested food, waste products, 
oxygen, carbon dioxide, water, and hormones to and from the body cells. It 
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Fig. 3-7. A diagram of !he btood-oirculaJing system of the fowl and momma!. The heavier 
shading represents unoxygenated blood; arrows indicate the direction of flow. 


also aids in the regulation of body temperature, the control of body neutrality, 
and protection against disease. The lymph circulation bathes the cells, serves 
as a medium of transfer of food and waste products between the blood capil- 
laries and body cells, and carries fats. 

The blood circulatory system. The blood circulatory system consists of 
the heart, arteries, capillaries, veins, and blood ( Fig. 3-7 ) . 

The heart is the pump for the blood circulation. It consists of two entirely 
separated muscular ventricles and two thin-walled auricles. The heart receives 
the impure blood through veins leading from the head and body regions. The 
blood is pumped through the lung circulation where it gives off catbon 
dioxide and takes in oxygen. The blood returns to the heart and is pumped 
out through the aortic arch and its arterial branches to all parts of the body. 
The heart beat or pulse rate ranges from about 192 to 396 per minute, with 
an average of about 282. 

The arteries carry blood away from the heart. Pulmonary arteries carry 
blood to the lungs. The carotid arreries supply blood to the head; the brachial 
arteries supply the wings; and the dorsal aorta gives off branches which sup- 
ply the liver, digestive tract, kidneys, and legs. Arterial blood is a brighter 
red than venous blood because of its increased oxygen content. Arterial blood 
is also under greater pressure than venous blood. The average pressure in the 
femoral artery is 135 mm. 

The capillaries are very small blood vessels which connect arteries and 
veins. 

The veins carry blood to the heart. They are usually located close to the 
corresponding arteries and generally bear the same names. For instance, there 
is a brachial artery and brachial vein in the wing. Blood is returned to the 
heart from the head regions through the jugular and precaval veins and from 
the body regions through the postcaval vein. When birds are killed and bled 
for market, the jugular vein is severed at the point of union of the two 
branches at the base of the head (Fig. 11—10). The knife blade is directed 
against the neck wall. Blood samples are taken for the pullorum agglutination 
test by puncturing a branch of the brachial vein. In caponuing birds one must 
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Fig. 3-8. Blood cell* from a normal and teueemic fowl: a, erythrocyte; b, erythroblast, c. 
lymphocyte; d. polymorphonuclear leucocyte- Magnified 1350 X. (Illinois Station ireu ar 
467.) 


use extreme care to avoid puncture of the postcaval vein. It passes along very 
close to the testes. , 

The blood. The blood is the mixture of liquid and cells flowing m the 
blood circulatory system. The liquid pan of the blood is called plasma. It 
carries digested food in solution to the cells, waste products from the cells, 
solutions of salts for maintaining body neutrality, hormones, and the blood 
cells. 

There are two principal kinds of cells floating in the blood, the red cells 
or erythrocytes and the white cells or leucocytes (Fig. 3-8). The erythrocytes 
are small and oval in shape with large nuclei. They carry oxygen from the 
lungs to the body cells and carbon dioxide from the body cells to the lungs. 
The oxygen and carbon dioxide are carried in the red cells in loose chemical 
combination with an iron-containing protein, hemoglobin. The leucocytes 
are larger and fewer in number than the red cells. They may be subdivided 
into several different groups. The leucocytes help to protect the body against 
disease; in case of an infection the leucocyte count in the blood increases. 

The blood constitutes about 4 per cent of the empty live weight of the 
fowl. It consists of about 75 per cent water and 25 per cent solids. The blood 
contains from 2,000,000 to 4,000,000 red cells and 15,000 to 35,000 white 
cells per cubic milliliter. The plasma contains a substance, fibrinogen, which 
is essential for blood clotting. The blood of the fowl clots quickly. The liquid 
which separates from the clot is known as serum. It is used in making the 
tube agglutination test for pullorum disease (p. 322). 

The lymph circulatory system. The lymph circulatory system consists 
of the lymph vessels, the white cell-forming organs, and the lymph. The 
lymph capillaries collect the ljmph fluid and pour it into the lymph veins, 
and these in turn, carry it to the large veins adjacent to the heart. The lymph 
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Fig. 3-9. The urinary and reproductive systems of the fowl: male, left; and female, right. 
T, testes; K— I, 2, and 3, lobes of the kidneys; V.D, vas deferens; U, ureters; V.S, seminal 
vesicle; CL, cloaca; OV, ovary; F.T, funnel of oviduct; OVD, oviduct; M.OVD, uterus of the 
oviduct; UR, ureters R.R.OVD, rudimentary right oviduct; OP.UR, opening of the right ureter; 
OP.OVD, opening of the oviduct; CL, cloaca. 

vessels In birds are numerous. The lymph glands are few. They may be seen 
in the anterior breast and the neck region, and sometimes in the wings. 

The Urinary System 

The urinary system is located close to the reproductive system, as in mam- 
mals. It serves for the elimination of body waste products which are chiefly 
protein in nature. The chicken does nor have a urinary bladder. I: excretes 
very little liquid urine. 

The urinary system consists of the kidneys and ureters (Fig. 3-9). The 
kidneys are large three-lobed, soft, brown organs attached to the vertebral 
column just back of the lungs. Many small blood vessels course the kidneys. 
Protein waste produas and water (forming rhe urine) filter through the 
walls of the blood vessels into the collecting tubules of the kidneys. The 
ureters arc the urinary tubes leading from the kidneys to the cloaca. A single 
tube leads from each kidney. 
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The urine passed from the kid- 
neys to the ureters daily by the 
normal-sized fowl amounts to 
700 to 800 c c. As it passes along 
through the ureters, in the region 
of the large intestine, much of 
the water is reabsorbed into the 
body circulation. The urine passes 
from the ureters into the cloaca 
and becomes mixed with the 
fecal material deposited from the 
large intestine. The urine and 
fecal material are eliminated to- 
gether from the cloaca. The 
urine, which is chiefly uric acid, 
is the white pasty material seen 
on the droppings. 

The Reproductive System 

The male reproductive sys- 
tem. The male reproductive sys- 
tem produces male reproductive 
cells (spermatozoa), introduces 
them into the oviduct of the fe- 
male for fertilization of the egg, 
and produces a hormone which 
influences sex characters. 

The male reproductive system 
consists of the testes, vas defe- 
rens, and papillae or rudimentary 
copulatory organs (Fig. 3-10). 
The testes are two small ovoid organs situated at the anterior end of the kid- 
neys in the dorsal body wall. Some of the cells produced in the testes differen- 
tiate into gametes or reproductive cells. They enter the seminiferous tubules 
and are carried out of the testes by the seminal fluid, which is also produced in 
the testes. The spermatozoon is a long, slender, motile cell with a head, which 
contains the nucleus, a neck, and a tail. Millions of these cells are produced 
and expelled in the seminal fluid. The vas deferens are the two tubes pursuing 
a wavy course from the testes to the cloaca. They convey the spermatozoa and 
seminal fluid from the testes to the cloaca. The papillae or rudimentary copu- 
latory organs are located in the cloacal walL The vas deferens open on the 
summit of the papillae During the process of mating, the spermatozoa are 
female” ^ ** p3pUlae mt ° oviduct opening in the cloacal wall of the 

The testes are sometimes removed from cockerels if they are to be raised 



Fig J-10. The male reproductive end urinary *yv 
tem«: 7., teeth; V.d., vo* deferem; K, kidney; Ur., 
ureter; Cl., cloaca; H, head of reproductive cel! 
or tperm; T, tail of iperm 
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Fig. 3-11. The femofe reprodudi’ve system and a portion of the intestinal tract. 


to maturity for meat. This process is known as caponizing. Capon meat is 
more tender and of better quality than that from old cockerels. Caponized 
birds lose some of their sex characteristics. 

The female reproductive system. The female reproductive system dif- 
fers greatly from that of mammals. The reproductive cell, also known as a 
gamete, ovum, or egg, is an article of food. It is large because it is enclosed 
with a food supply for embryo development. Most of the development of the 
bird embryo takes place outside of the body ( Chapter 5 ) . 

The reproductive system of the female consists of the ovary and oviduct 
(Fig. 3-11). At hatching time the female chick has two ovaries and cwo ovi- 
ducts. The right ovary and oviduct soon degenerate. The left ovary and ovi- 
duct develop as the bird grows. The ovary appears as a cluster of tiny gray 
yolks or ova situated at the anterior end of the left kidney and attached to 
the dorsal body wall. When a bird reaches sexual maturity, or comes into 
production, some of the ova develop to mature yolks. The yolk niprures the 
membrane or follicle which holds it and falls into the funnel of the oviduct. 
This process is known as ovulation. The ovary also secretes a hormone which 
influences sex characteristics. The oviduct is a long glandular rube leading 
from the ovary to the cloaca. It consists of five parts: the funnel or infun- 
dibulum, which receives the yolk; the magnum, which secretes the thick 
albumen or white; the isthmus, which adds the shell membranes; the uterus, 
which secretes the thin white, the shell, and the shell pigment; and the vagina. 
Details of the formation of the egg are given on pages 63-65. The egg 
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passes from the oviduct to the cloaca 
and then out of the body through the 
vent at the time of laying. 

Abnormal conditions of the reproduc- 
tive system are very common. The ovary 
may contain abnormally shaped and 
colored ova as a result of pullorum in- 
fection or tumors. The oviduct is easily 
ruptured and may pass out with the egg 
or permit eggs to fall into the body cavity. 

The Nervous System 

The fowl has a highly developed nerv- 
ous system with a keen sense of sight, 
hearing, touch, taste, and smell. The nerv- 
ous system is often called the master tis- 
sue of the body because it controls body 
activities. It receives messages from the 
outer world through its sense organs, ad- 
justs the body to its environment by con- 
trolled movements, and harmonizes the 
vital activities. 

The nervous system (Fig. 3-12) con- 
sists of the brain, spinal cord, branches 
leading to the sense organs, and sympa- 
thetic nerves, which control the viscera. 
It may be compared to a telephone system 
with the sense organs of sight, hearing, 
touch, taste, and smell as telephones; the 
nerve fibers as wires; and the brain as 
the switchboard. 


Fig. 3-12. Ttie nervous system of the 
fowl; C.H, cerebral hemispheres of the 
brain; O l, optic tobei; CB, cerebellum, 
SP.C, spinal cord; SP.N, ipinal nerves; 
SY.N, sympathetic nervous system; 
BR-P, brachial plexus to wing; S.R, 
rhomboida! sinus; LPL, lumbor plexus 
of nerves uniting to form the seiotie 
nerve (SC.N). 


The central nervous system. The 
brain (Fig. 3-13) consists of three prin- 
cipal parts: the cerebral hemispheres, 
the cerebellum, and the medulla oblon- 
gata. The two cerebral hemispheres con- 
stitute the front and most conspicuous 
part of the brain. The olfactory nerves 
from the nose extend to the cerebral 


, .. hemispheres. The elongated oval cerebel- 

lum h* uponthe medulla oblongata and extends forward to the cerebral 
hemispheres. The medulla oblongata is the back part of the brain which is 
conunuoujwith the spinal cord. Most of the cranial nerves tale origin from 
‘V 7“ m “" lk f ,blo "Sf‘ u soared or crushed in detaining bird! for dry 
picking. This releases the muscular tension on the feathers. & 
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The spinal cord 
is the main trunk 
iine of the nervous 
system, extending 
from the brain to 
the body trunk. It 
sends out branches 
to the wings, legs, 
and peripheral 
nerves of the skin, 
and connects with 
the sympathetic 
nerves, which con- 
trol the viscera. 

Vitamin deficien- 
cy results in nerve 

degeneration and certain forms of paralysis. In neurolymphomatosis the nerves 
may be swollen and have a yellowish color instead of the characteristic gray 
appearance. Poisons or toxins result in nerve paralysis and a lack of muscle 
control This is the cause of "limberneck” in chickens. 

The sense organs. The eye of the bird is relatively large and lodged in a 
bony orbit. It is used for transforming light waves in visual perception. The 
optic nerve leads from the brain to the eye. The details of the structure of the 
eye and nerve action in visual perception are beyond the scope of this book. 
It is interesting to note that the eye has a third eyelid in the form of a thin 
membrane, the nictitating membrane, which can be drawn quickly over the 
eye. It operates somewhat like the lens shutter of a camera. When not in use, 
the membrane is mainly concealed within the medial angle of the eye. The 
normal color of the eye in most breeds of chickens is a reddish -bay. In some 
forms of the disease known as leucosis, the color becomes pearl-gray. Toxins 
resulting from tapeworm infestation and other troubles may cause blindness. 

The ear of a bird does not form any external appendage to the head as in 
mammals. An opening surrounded by a fringe of feathers leads into a canal 
which ends at the tympanic membrane. The inner ear contains the essential 
parts of the organ of hearing. It is imbedded in the temporal bone. The ear 
system serves for the transformation of sound waves into nerve impulses and 
for maintaining body equilibrium. The auditory nerve leads from the brain 
to the ear. 

The nose serves not only for respiration but also for the sense of smell. 
Olfactory nerves lead from the brain to the membranes in the walls of the 
nasal passages. 



MACMILLAN CO , FUlllSKtIS 

Fig. 3—13. A sideview of the brain of the fowl: CB, cerebrum; OL.L, 
olfactory lobe; O.N, optic nerve; PIT, pituitary body; OP.l, optic 
lobe; MO, medulla oblongata; N, nerve issuing from spinal cord 
{SC); CBL. cerebellum. 


The Regulatory System 

The regulatory system is composed of endocrine glands. The glands secrete 
substances, known as hormones, into the blood stream. These chemical sub- 
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the left. 


Fig. 3-1 4. A Plymouth Rock cockerel on the right end o capon on 

stances are carried to other organs of the body and exert a profound influence 
on their activities. 

The testes secrete a hormone which is responsible for the marked differ- 
ence between males and capons. When a cockerel is caponized, the comb and 
wattles fail to develop normally and the hackle, saddle, and tail feathers 
grow longer than in normal males (Fig. 3-14). If a normal testis is grafted 
into a capon it recovers its normal male characteristics. The same effects are 
produced by the injection of the male hormone extract or one of the synthetic 
products, such as testosterone. Male sex hormone products are assayed for 
strength by testing their ability to produce comb growth in capons. The male 
$ex hormone is responsible for a higher red blood cell count in males than 
females. It may also be responsible for the higher metabolism in males than 
females. 

The ovary produces a hormone which helps to differentiate the two sexes. 
The female hormone exerts an inhibitory effect on the development of the 
secondary sex characteristics. If the ovary is completely removed from a fe- 
male, the bird has a tendency to develop male plumage and sex character- 
istics. The injection of female hormone extract into males causes them to 
take on the plumage color characteristic of the female rather than that of the 
male. 

Diethylstilbestrol and other derivatives of stilbene are synthetic hormones 
which produce effects somewhat similar to the female hormone estrogen. 

MLSU - CENTRAL LIBRARY V 
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When injected into growing cockerels or old males, they cause the birds to 
quit crowing and begin singing; the pelvic bones to spread; the vent to be- 
come moist; the lipoid content of the blood to increase; and fat to collect 
under the skin and in the abdomen. The males appear and act something like 
pullets that are about to begin egg production. Synthetic female hormone in- 
jection, pellet implant beneath the skin, and addition to the feed have been 
advocated for fattening poultry ( p . 176) and for stopping broodiness among 
layers. 

Tumor growths and other abnormalities may impair the testes or ovary 
to such an extent that the bird gradually loses its normal sex characteristics 
and assumes more of the characteristics of the opposite sex. 

The adrenals are small oval or elongated yellowish bodies located on the 
dorsal body wall just in front of the kidneys. One of the adrenal hormones 
is adrenalin, which influences carbohydrate metabolism and regulates blood 
pressure. The adrenal glands are also believed to influence sex -gland activity. 

The pancreas functions as an endocrine gland as well as an accessory organ 
of the digestive system. In man it secrets a hormone, insulin, which regulates 
sugar metabolism. The pancreas probably also regulates sugar metabolism in 
the bird. 

The thyroids are two small oval brown bodies a little larger than a grain 
of wheat located close to the jugular veins near the base of the neck Fig. 3- 
15). They secrete a hormone known as thyroxin, which influences feather 
growth and coloration as well as the rate of body metabolism. 

Thyroprotein, also known as iodinated casein or protamone, is an artificial 
thyroxin-like compound, which produces some of the accelerated metabolic 
effects of thyroxin. There is some evidence that its use in the ration at the 
rate of about 10 grams per 100 pounds of feed will stimulate egg production 
of old hens and produce faster and more uniform growth of broilers. Thiou- 
racil produces the opposite effect of thyroprotein. It blocks the action of the 
thyroid gland; reduces the metabolic rare; and causes fat deposirion. While 
early feeding of thiouracil stunts growth, its use later in the growing period 
has increased body weight and improved market appearance of broilers and 
roasters. 

The parathyroids are small glandular bodies located close to the thyroids. 
They secrete a hormone which regulates calcium and phosphorus metabolism. 
Parathyroid secretion is an important factor for laying hens because of the 
large amount of calcium needed for eggshell formation. Birds in production 
need to carry much more calcium in the blood stream than those out of 
production. 

The paired thymus glands occur as thin pinkish lobes along the neck. They 
are large in chicks but diminish in size with the age of birds. The function of 
the thymus is unknown. Ir may play a part in growth. 

The pituitary or hypophysis is a small kidney-shaped gland located at the 
base of the brain. It is composed of different kinds of tissue, each secreting a 
specific hormone substance. One product stimulates both male and female 
gonad activity. Artificial lights increase egg production by stimulating the 
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pituitary gland which in turns secretes a substance that stimulates the ovary 
to produce eggs. Use of lights on birds which have had the anterior lobe of 
the pituitary removed does not result in ovarian activity. 

Another pituitary hormone, prolactin, activates the crop glands of pigeons 
and thereby produces "pigeon milk.” It induces milk production in mammals 
but inhibits ovarian development and causes broodiness in the fowl. 

The pineal body is a small round gland just back of the cerebral hemi- 
spheres of the brain. It probably secretes a hormone but its function is un- 
known. 


Formation and Structure of the Egg 

A knowledge of the formation and structure of the egg is helpful for an 
understanding of fertility, embryo development, egg quality, and diseases of 
the female reproductive system. 

Yolk development. The ovarian tissue appears as a cluster of tiny ova or 
yolks. Other ova, too small to be seen with the unaided eye, are more deeply 
imbedded in the ovarian tissue. One may count from a few hundred to more 
than 3,000 ova in an ovary without the aid of a magnifying glass. When the 
ovary starts to function, a few of the ova start to increase in size (Fig. 3-11 
and 16). The ovum is enclosed in a thin membrane, the vitelline membrane. 
The yolk and its vitelline membrane are in turn enclosed in a highly vascular 
coat of connective tissue, the follicle. As the ovum or yolk increases in size it 
is suspended in its follicle and held to the ovary by a slender stalk, the 
follicle stalk. 

Food material is carried to the developing ovum by the blood circulation 
in the follicle. The developing yolks increase about four mm. in diameter 
daily until the full size of about forty mm. is reached. The nucleus of the 
ovum moves to the outer edge, leaving behind it a flask-shaped mass of white 
yolk (Fig. 3-17). Alternate layers of dark and white yolk may be deposited 
during the period of rapid yolk development. The size of yolks influences the 
size of the finished eggs. Large yolks stimulate the albumen and shell glands 
to greater secretion. 

Ovulation. When the yolk has reached maturity, the follicle ruptures 
along a definite line, the stigma, where there are normally no blood vessels. 
The yolk falls into the funnel of the oviduct or into the body cavity. This 
process is known as ovulation. Yolks which drop into the body cavity, a cup- 
like depression formed in the angle between the ovary, folds of small in- 
testine, and oviduct, are normally pushed or drawn into the funnel of the 
oviduct by the movements of the viscera and oviduct. If the yolks fail to get 
back into the oviduct the bird is known as an internal layer. The yolks may 
rupture and the liquid be reabsorbed into the circulation, leaving an abnormal 
deposit of yellow’ solids covering the intestine, or the yolks may dry up, leav- 
ing masses of caked egg-yolk material in the body cavity. 

Fertilization. If the hen has been mated and male sperm cells are present 
in the oviduct, fertilization takes place in the funnel region. The yolk re- 
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Rg 3-16. The reproductive jyjtem of the female fowl. 1, 
The ovory. 2, A portly developed ovum. 3, Slitl larger 
ova— the lower one nearly ready to leave the ovary. 4, The 
itigma— o region in which there are normally no blood ve»- 
*•'*- 5, An empty follicle from which the yo!tc hat entered 
the oviduct. 6, lip or margin of the funnel 7, Opening 
or mouth of the funnel 8, A yolk which hat juit entered 
the oviduct. 9, Albumen -tecreting portion of the oviduct. 
10, Albumen which it tecreted around the yolk. 11, Yolk. 
12, The germinal dite. 13, Anterior end of the itthmut. in 
which the the II membronet ore formed. 14, The uterui, or 
thell glond 15, The large intettme. 16, The abdominal 
won. ond laid back 17, Anut or vent. 


mains in this region for 
a few minutes. Details of 
fertilization and the trans- 
mission of hereditary 
characters are discussed 
in Chapter 4. 

Embryo develop- 
ment in the body. The 
fertilized ovum starts cell 
division and embryo de- 
velopment soon after 
fertilization. It continues 
during the approximate 
twenty-four hours that 
the egg remains in the 
oviduct. The germ spot 
or blastoderm increases 
in size and there is some 
change in the consistency 
of the white and yolk. 
Unless the fertile egg is 
held below 82° F. after it 
is laid, there will be fur- 
ther germ development. 
It is therefore desirable 
to produce infertile eggs 
at all times except when 
they are needed for hatch- 
ing. The details of em- 
bryo development are dis- 
cussed in Chapter 5- 
Addition of the thick 
white and chalaza. 
After the yolk has been 
engulfed by the funnel 
of the oviduct, it moves 
along with a turning mo- 
tion through the mag- 
num. It requires about 
three hours for the yolk 
to pass through this re- 
gion. Here the thick 
white and the dense ropy 
material known as the 
chalaza (Fig. 3—17) are 
added. The thick white 
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has a tendency to 
adhere to the yolk 
when an egg is 
broken out. It con- 
stitutes about 50 
per cent of the co- 
ral white by vol- 
ume. 

Formation of 
the shell < mem- 
branes. The yolk, 

surrounded with its f>9* 3-17. Structure of the egg. 

thick white, passes 

from the magnum through a short section of the oviduct known as the isth- 
mus. Here the two shell membranes are added and the shape of the egg is 
determined. An isthmus of large diameter tends to result in thick round 
eggs while one of small diameter tends to result in long slender eggs. 

Addition of thin white and the shell. The developing egg passes from 
the isthmus into the uterus, where it remains for about twenty hours. The 
thin white, largely water, passes through the shell membranes into the egg in 
the first portion of the uterus. Even before the addition of the thin white has 
been completed, the shell glands of the uterus starr the secretion of rhe shell. 
This is largely calcium carbonate. It is carried to the uterus by the blood cir- 
culation. The size of the oviduct in a laying hen and its blood circulation are 
several times greater than that of a hen out of production. 

The pigment in brown-shelled eggs is secreted in the uterus. The cuticle 
or bloom, a moist substance noticed covering the newly laid egg, is also se- 
crered in the uterus. Soon after the egg is laid the substance dries and tends to 
seal the openings in the porous shell. 

After the egg reaches the hard-shell stage in the uterus, it is possible to 
detea it by pressing on the walls of the abdomen. By handling all the birds 
early in the morning, one can determine the hens that will lay during the day. 

The egg remains in the vagina for a short time after completion or until 
it is laid. Most eggs are laid small end first. They pass from the vagina into 
the cloaca and are expelled at once. 

Abnormal eggs. DouWc-yolked eggs result from two ova ripening at the 
same time, or one ovum being pushed back into the oviduct at the same time 
that another ovulation takes place. Eggs with double yolks ate more common 
among pullers than among older birds. It rakes rime for the newly function- 
ing ovary and oviduct to become properly adjusted and to work normally. 

Meat spots may be observed on the yolk covering or in the white of the 
egg. They are generally degenerated blood clots resulting from hemorrhages 
in the ovary or oviduct. 

Blood spots may be found in some eggs. They result from the hemorrhage 
of a small blood vessel in the ovary or oviducr. A blood or meat spor on the 
yolk indicates a hemorrhage in the ovary or funnel region of the oviduct. 
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The follicle probably did not rupture along the stigma, -where there are nor- 
mally no blood vessels, or else a rupture occurred before ovulation (Fig. 3— loj ). 
If the spot is in the -white of the egg, it indicates a hemorrhage in the wall 
of the oviduct. Bloody eggs are probably the result of more severe hemor- 
rhages. The reproductive system of the female may be easily ruptured when 
in production. Selection of hatching eggs from families that produce eggs 
with a low incidence of blood spots will do much to correct this egg ab- 
normality. 

Soft-shelled eggs may result from failure of the shell glands to secrete; or 
they may result from the peristaltic constrictions becoming so violent as to 
hurry' the egg through the uterus. Most shell-less eggs are probably laid at 
night. This would indicate that certain ways in which birds roost may cause 
abnormal pressure on nerves leading to the oviduct. 

Small yolkless eggs may result from the stimulus produced by some for- 
eign substance, such as a blood clot or piece of membrane, gaining entrance 
to the oviduct and passing along in the same manner as the yolk. The passage 
of the panicle will stimulate the albumen, shell membrane, and shell glands 
to secrete their particular products. 

An egg within an egg is sometimes found. After an egg has been formed 
it may be forced back up into the funnel region by reverse peristaltic action. 
As it again traverses the oviduct, albumen, shell membranes and shell are 
added. When the egg is opened a complete egg is found where the yolk is 
normally present. 

If the reverse peristaltic action is very strong, the egg may be forced en- 
tirely out of the oviduct into the body cavity. An accumulation of eggs in 
the body cavity causes a bird to walk like a penguin and will finally result 
in death. 
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Chapter 4 


Breeding Principles 
and Practices 


Heredity 

Heredity accounts for the fact that offspring tend to resemble their pat- 
ents. Not only do the offspring hatched from a single-comb White leghorn 
mating resemble birds and chickens, but also the specific single-comb White 
Leghorns. A chicken is composed of many characters. Its physical characters, 
such as size, shape, type of comb, and color of plumage, are easily seen. Its 
physiological characters, such as rate of growth, early maturity, and egg 
production, cannot be seen by looking at the individual. The parents transmit 
both physical and physiological characters to their offspring through their 
gametes (reproduction cells). The science which deals with heredity and the 
origin of individuals is genetics. 


The Genetic Basis of Reproduction 

The cell. The component substance of living things is protoplasm. In 
higher forms of plant and animal life it is organized into small, usually micro- 
scopic units called cells. The higher forms of living things consist of millions 
of cells, which vary greatly in shape, size, and composition, depending on the 
functions to be performed. For instance, cells range all the way from bacterial 
cells so small that it is impossible to see them even when magnified 1,000 
times, to nerve cells more than a foot long and ostrich eggs weighing 45 
ounces. 

The cell is a complicated structure (Fig. 4-1). The cell wall is the bound- 
ary of the cell separating it from other cells. The light staining area within the 
cell wall is the cytoplasm . It contains many interesting structures, but most 
of them are of more interest to cytologists than to poultrymen. The dark 
staining area in the cytoplasm is the nucleus. It varys greatly in size, shape, 
and structure in different cells The nuclei of reproductive cells are vital for 
the transmission of hereditary characters. 

Continuity of germ plasm. The gametes and the cells which give rise to 
them constitute the germ plasm. The cells which take no direct part in the 
production of gametes ate known as somatic cells. While the somatic cells 
cease to exist with the death of the individual whose body they constitute, the 
germ plasm may live on indefinitely in succeeding generations. 

68 



BREEDING PRINCIPLES AND PRACTICES 69 



fig. 4-1. Diagram of fbe cel! and mifoiij: a and b, resting ceJIj; b— g, Jfogej in cell dlviiion; 
i and j., the halving of each chromosome. 

In the higher vertebrates, including the fowl, the germ plasm of a single 
individual cannot survive by itself; there must be successful union of the 
male and female gametes. The two cells pass on all the hereditary characters 
of the parents to the new offspring. 

The quality of the germ plasm of any one individual is only half of the 
story; of equal importance is that from the opposite sex. If either gamete 
brings defective germ plasm, the body and the germ plasm of the offspring 
will suffer accordingly. 

Early history of the gametes. Even before it is possible to tell whether 
the new individual will be a male or female, certain large cells in the embryo 
differentiate from their neighbors to become the primordial sex cells. They 
differentiate in the walls of the yolk sac and migrate to the developing gonads 
(reproductive organs). Sexual differentiation of the embryo becomes ob- 
servable shortly after the germ cells become established in the gonads. 

Development of male gametes. Part of the germ line, which migrated 
to the walls of the seminiferous tubules of the male gonads, becomes active 
when a cockerel reaches sexual maturity. These parent cells grow and divide 
(undergo mitosis) to form new cells. Part of the new cells remain like the 
parent cells and take the place of others which grow, undergo maturation 
division (Fig. 4-2), and differentiate into slender mature spermatozoa (male 
gametes). 

The nuclear material collects in the head of the male gamete. The flagella- 
like tail makes its appearance in the protoplasm and grows far beyond tne 
original confines of the cell. Thus, a mature male gamete is a cell consisting 
essentially of a very compact nucleus provided with a flagellum which gives 
it the power of locomotion in a fluid medium. 

Development of female gametes. In the growing ovary of the embryo, 
the female germ cells grow and divide much the same as the male germ cells 
grow and divide in the testes. In the mature pullet the development of ova 
(female gametes) is different from the development of spermatozoa in the 
mature male because of the amount of food stored as yolk in the cells. The 
food material, destined to be used by the embryo in its growth, is gradually 
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accumulated in the ovum before it is libera t-M ( rnr ~ .v 
The accumulation of yolk requites about eight davs. As th" 1 ?!-^' 5 ' ^ 6 l’ 
the nucleus and the cell cytoplasm ate fot Jd k acn,rauL,r f' 

germinal disc It become? the germ spot (blasJS" 5 ^ ”*“■ This “ ,hC 
fertile egg. 8 ^ (blastoderm) on the yolk of the 

About the time of ovulation the cell 

’ ndergoes two maturation divisions. 
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Fig. 4-3. The chromosomes 
of ihe fowl. (After Honce.) 


The yolk material does not divide. Therefore, one 
of the new cells has all the yolk and the other has 
none. The one without yolk degenerates. 

Significance of chromosomes in heredity. 

When a resting cell (Fig. 4-la) starts to grow 
and divide, the dark -staining chromatin particles 
in the nucleus arrange themselves in one or more 
long, deeply stained threads (Fig. 4-lb). The 
threads shorten and may be observed as pairs of 
dark-staining segments of different shapes and 
sizes (4-lc). *111656 segments are the chromo- 
somes. The number and shape of chromosomes are constant for a given 
species of animal. According to Newcomer (1957), there are six pairs in 
the chicken which are relatively large and behave as normal chromosomes. 
There are several smaller ones that are irregular in their behavior, variable 
in number, and probably have little influence on an individual's inherit- 
ance. 

The chromosomes arrange themselves about the equatorial plate between 
the two poles of the cell (Fig. 4-ld). Next in the stage of development, are 
double threads which appeared originally to be a single thread (Fig. 4-le). 

To form gametes the reproductive cell now undergoes two cell divisions 
without an increase in the number of chromosomes, half of the original num- 
ber going into each new cell. This is sometimes referred to as maturation 
or reduction division. The distribution of the chromosomes in the new cells is 
a matter of chance. Thus, in the words of Patten, 

In the game of life, the maturation processes virtually shuffle the hereditary 
pack and deal out half a hand to each gamete. A full hand is obtained by draw- 
ing a partner from the "board" — by combining with some other gamete of the 
opposite sex. Hence, offspring resemble their parents because they play the game 
of life with the same kind of cards, hut not, however, with the same hands. The 
minor differences in offspring, or the variations from the standard type that al- 
ways go with these basic resemblances, axe due to variations in the distribution of 
genes during maturation. 

There are several sources of evidence which indicate that the hereditary 
characters are carried by the chromosomes: ( 1 ) The male and female gametes 
are the only things directly involved in the formation of a new individual. 
(2) The nuclei of the male and female gametes are the only parts of the 
gametes that are directly concerned with fertilization, and the start of a new 
individual. (3) The chromosomes are the only things that are alike in the 
male and female gamete nuclei, and it is known that both parents contribute 
equally to the characters of the offspring. 

Fertilization. The sperm ducts in the testes produce spermatozoa. They 
combine with a secretion in the vas deferens to form semen. It is deposited 
in the oviduct at time of mating. The spermatozoa arc very motile and work 
their way through the lower part of the oviduct. They are stored in the 



72 


poultry: science and practice 


Rhode Island Red 
Male 


Barred Plymouth Rock pockets at the an- 


Female 


Zygotes 



Barred Barred 

Male Male 


Honbarred Nonbanred 
Female Female 


Fig. 4-4. A diagram illustrating the inheritance of »ex and the 
tex-linked character for barring. The Rhode Island Red male 
has 2 sex chromosomes, designated Z, associated with each of 
which is the gene b for non-barring. The Barred Plymouth Rock 
female hos only one sex chromosome Z, associated with which 
is the sex-linked gene B for barring, which is dominant to non* 


terior end of the 
oviduct. The sperm 
are not all released 
at one time. Passing 
ova will be ferti- 
lized over a period 
as long as 30 days 
from one insemina- 
tion. 

Once the swarm 
of spermatozoa reach 
the neighborhood of 
the ovum, they tend 
to remain there, 
held by some chem- 
ical interaction 
which is not fully 
understood. A cone 
of ovum cytoplasm 
rises up to meet one 

barring. The mole progeny are barred, whereas the female *be Sperm Cells 

progeny ore non-barred. and draws it 10 t 0 

the ovum. Once a 
sperm has pene- 
trated the ovum, the surface covering appears to undergo a chemical change 
and thickening which keeps out other sperm cells. 

The tail of the sperm cell drops off when it enters the ovum. There are now 
two nuclei in the ovum, one carrying the haploid number of chromosomes 
from the female parent, and the other nuclei from the male. The fertilized 
e gg now carries the same number of chromosomes (eleven or twelve, accord- 
ing to Newcomer) as a cell from one or the other of its parents. The ferti- 
lized ovum is known as a zygote. It is now ready to undergo cell growth, 
mitosis, differentiation, and development into a new individual. For details of 
embryo development, refer to Chapter 5. 

The Inheritance of Sex 

Sex chromosomes. The chromosomes are of two kinds: those dealing 
with sex are known as sex chromosomes, and all the others are autosomes. 

e nucleus from the female parent may have five or six large chromo- 
somes, but the male always contributes six to each of his offspring. A zygote 
giving rise to a male contains a pair of sex chromosomes, having received one 
from the nucleus of the gamete from each parent (Fig. 4-4). A zygote giving 
rise to a female has only one sex chromosome, having received it from the 
nucleus of the gamete from the male parent. When large numbers of ferti- 

tS offering COnS,dered ’ °° e Sh ° Uld CXpeCt “ many maleS ** feraales 301002 
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COUIUtY O. C. WKIttN , KAN!*! STATE COLt-tCI 

Fig. 4-5. Flight feather development in day-old male and female chicks from crossing a White 
leghorn male with a Rhode Island Red female. Note the well-developed flight feathers of the 
female (right) and the very short flight feathers of the male (left). 

Sex-linked inheritance. An individuals inheritance is equal to the total 
of its genes. Since there ate more characters that make up a bird than there 
are chromosomes in each of its cells, each chromosome must carry more than 
one character. The unit for a character is known as a gene. One might com- 
pare each chromosome to a string of beads and each bead on the string to a 
gene. The characters (genes) carried on the sex chromosomes are known as 
sex-linked characters. 

Sex-linked characters are transmitted from the dam to her sons bur nor 
to her daughters, although these same characters are transmitted from the site 
to his sons and daughters alike. The results of mating a Barred Plymouth 
Rock hen and a Rhode Island Red male may be used to illustrate sex linkage. 
The male offspring from such a mating are barred and the females are black. 
When the Barred Plymouth Rock females gametes containing the sex chro- 
mosomes unire with those from the male’s, which also contain the sex chro- 
mosomes, zygotes result which contain two sex chromosomes. These unions 
result in males with barring. The female's gametes without the sex chromo- 
somes, upon uniting with the male gametes, result in zygotes with only one 
sex chromosome. These unions result in black females. Barring is therefore a 
sex-linked gene. Two sex chromosomes in an individual resulr in a male 
and one sex chromosome results in a female. Other sex-linked characters 
of practical importance are broodiness, slow feathering, and early ma- 
turity. 

Sex-linked matings for the determination of sex at hatching time. 
The knowledge of sex linkage can be used in mating birds so that the sex of 
the chicks can be determined at hatching time by the down patterns. If 
Barred Plymouth Rock females are mated with Buff Plymouth Rode or Rhode 




BREEDING PRINCIPLES AND PRACTICES 75 



Fig. 4-7. Diagram showing the transmission of two independent simple characters from gen- 
eration to generation. 


The dark color in the typical female chick terminates abruptly at the base of 
the shank or a short distance out on the toes and the remainder is lighter in 
color. 


The Inheritance of Characters 

Mendelism. The discovery of the law governing the inheritance of a pair 
of characters was made by Gregor Mendel and published in 1865. Mendel- 
ism simply means the biological theory of heredity first formulated by Men- 
del. He worked with hereditary characters in garden peas, but the principles 
he discovered are of universal application to both plants and animals. 

The inheritance of a pair of characters. The mating of a White Wyan- 
dotte hen and a White Plymouth Rock male may be taken as an example 
(Fig. 4-6). Wyandottes have rose combs, and Plymouth Rocks have single 
combs. One may designate the gene for rose comb by R and that for single 
comb by r. The gametes from the pure Wyandotte will carry only factor 
R for rose comb and those from the Plymouth Rock will carry only factor r 
for single comb (Fig. 4-6). When the birds are mated, the offspring, or Fi 
generation, will all have rose combs. The character (rose comb) is called 
dominant while the (single comb) that does not appear is termed re- 
cessive. 

Half of the gametes from the Ft generation will carry the factor R and 
the others will carry r. If birds of the Ft generation are mated among them- 
selves, part of their offspring will have rose combs and part will have single 
combs. The ratio, subject to sampling error, will be three rose combs for each 
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; from one sex unites with an R gamete 


from the 


comb. If an R gamete of one sex unites with an r gamete from the oppos 
sex, the resulting zygote will carry the factor Rr. Since R is dominant to t, 
the offspring will have rose comb, but it will be impure. If an t gamete from 
one sex unites with an r gamete from the opposite sex, the resulting zygote 
will carry the factor rr, which is pure for single comb. The birds RR a™ rr 
are homozygous; that is, the)' are pure for the comb character. The birds Rr 
are heterozygous ; that is, they are impure for either comb character. The ratio 
of rose-comb birds to single-comb birds in the F 2 generation is three to one. 
This is the phenotypic ratio. The ratio with reference to purity for comb 


character is 1:2:1. This is the genotypic ratio. 

Inheritance of two pairs of characters. The crossing of a Black Wyan- 
dotte with a White Plymouth Rock may be used to illustrate the inheritance 
of two pairs of characters. 

It is customary to designate dominant characters by capital letters and 


Table 4-1 

INFLUENCE OF THE NUMBER OF CHARACTERS INVOLVED ON THE 
NUMBER OF F* INDIVIDUALS NECESSARY THAT ONE MAY 


BE HOMOZYGOUS FOR ALL OF THEM 


Number of P»Irt 
of Character* 

Number of D.Serct Fi 
Gamete* Formal 

Number of Ft Individual* Re- 
quired to Secure Oae Hooo- 
ijgou* for All tie Character* 

1 

2 

4 

2 

4 

16 

3 

[ 8 

64 

4 

1 16 

256 


recessive characters by small letters. Rose comb (R) is dominant to single 
comb (r), and black (B) is dominant to white (b). The Fi generation 
produces four possible combinations of genes in the gametes (Fig. 4-7) 
instead of only two, as in the inheritance of one pair of characters. Since four 
kinds of gametes are produced by each sex, the possibilities for the segrega- 
tion and recombination of the characters is four times as great as in the case 
when only two kinds of gametes are formed. The F« zygotic ratios then be- 
come 9 rose -comb black, 3 rose -comb white, 3 single-comb, and 1 single-comb 
white, or 9: 3: 3:1. If comb alone is considered, there are 12 rose combs and 4 
single combs, a 3:1 ratio. If color alone is considered, there are 12 blacks and 
4 whites, or a 3:1 ratio. These ratios are what would be expected when two 
pairs of characters are inherited independently of each c$her. Of the sixteen 
zygotes formed, one is homozygous for rose comb and black color, and one is 
homozygous for both single comb and white color. These zygotes are different 
from those of the original parents and of the F, generation and could have 
been produced only through the random assortment of the chromosomes. 
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Most of the other zygotes axe genetically different from those of the original 
parents. 

The inheritance of several pairs of characters. When more than two 
pairs of characters are involved and the different genes producing the char- 
acters are on different chromosomes, the segregation and assortment of charac- 
ters behave in the same way as the inheritance of one or two pairs of char- 
acters. The number of different kinds of gametes formed by the Fi generation 
is doubled with each additional character involved. On the other hand, for 
each additional character involved there is an increase of four times the 
number of F« individuals required to secure the expected appearance of the 
various combinations of characters resulting from the chance combination 
of the different kinds of gametes. (Table 4-1.) 

Dominant and recessive characters. Some of the characters whose in- 
heritance has been determined are listed in Table 4-2. Most of them are sim- 

Table 4-2 


SOME DOMINANT AND RECESSIVE CHARACTERS IN CHICKENS 


Character 

Dominant or Recessive 

Sex-Linked 

White plumage 

1 In White Leghorns, dominant to color 

In Wyandottes, recessive to color 


Black plumage 

Dominant to recessive white ' 


Buff plumage 

Dominant to recessive white 


Barred plumage 

In Plymouth Rocks, dominant to nonbar- 

Yes 

White skin and shank color 1 

ring 

Dominant to yellow skin and shank color 


Rose comb , 

Dominant to single comb 


Side sprigs 

Dominant to normal comb 


Feathered shanks 

Dominant to nonfeathered shanks 


Close feathering 

Dominant to loose feathering 


Slow feathering 

Dominant to rapid feathering 

Yes 

Early sexual maturity 

Dominant to late sexual maturity 

Yes 

Broodiness 

Dominant to nonbroodiness 

Yes 

Winter pause 

Dominant to continuous laying 



pie characters. Some are more complicated than they appear in the table. 
White in the White Leghorn, for insrance, is dominant to colored plumage. 
If a White Leghorn is maced to a colored bird, the Fi generation will all be 
white but some of the birds may have some colored feathers. The dominance 
of white in the Leghorn is due to the presence of a gene which inhibits 
color; otherwise the bird would be barred, for it carries genes for barring, 
color, and black pigment. Some strains of White Plymouth Rocks are also 
dominant. 

It is interesting to note that white is not always dominant. It depends on 
the breed. While white is dominant to color in the Leghorn, it may be re- 
cessive to color in the Wyandotrc. 

The inheritance of about fifty characters has been determined to date. 
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With some characters the determination of their Mendelian inheritance is 
slow because many genes are involved. Furthermore, the mtptess.on of char- 
acters may be influenced by environment, hormones, feeding, and mamg 
ment praaices. For instance, a bird may have inherited the genes for high egg 
production but may not lay well because it is fed a poor ration. 

Testing for purity' of characters. An impure recessive character may De 
carried in a flock for generations without being detected, if matings are made 
with birds which are pure for the dominant gene. The impurity may crop 
out unexpectedly when two impure individuals are mated. _ 

Some White Wyandotte flocks produce a few single-comb chicks. Thu 
indicates a single-comb impurity in the flock, as Wyandottes have rose combs. 
Since rose comb is dominant to single comb, the birds that appear with single 
comb are homozygous for this character. They should be culled out. Part of 
the rose-comb birds in the flock will be homozygous and part will be hetero- 
zygous. To test for impurity, mate each bird with a recessive single-comb bird 
and hatch about six chicks. If no sin pie-comb chicks appear in the lot, the 


rose-comb bird was pure for this character. 

A general rule that may be applied for testing genetic constitution is to 
mate the bird to be tested with one that carries the pure recessive character. 
If none of the offspring show the recessive character, the animal was pure 
for the dominant character. 

Blood typing is used to identify and characterize blood cell antigens. They 
are inherited the same as comb type or other characters. There may be a rela- 
tion between blood types and economic factors such as livability, egg produc- 
tion, hatching potential, and growth rate. Preliminary data seem to indicate 
that individuals heterozygous for certain antigenic factors have superior per* 
formance in some qualities and that birds with such a constitution might have 
selective advantage. Time will tell whether this method offers enough promise 
to justify the involved serological techniques required for its utilization. 


Modifications of Mendelian Inheritance 

Linked genes. Some characters possessed by a bird in an original cross 
may be carried on into the F 2 generation. They do not follow the Mendelian 
laws of inheritance. The genes giving rise to these characters are said to be 
linked together on the same chromosome. The genes for single comb and 
short legs (creeper condition) exhibit linkage. The opposite to linkage is 
crossing over. Here there is an interchange of parts of the same pair of chro- 
mosomes. The practical significance of linkage and crossing over in poultry 
breeding work is yet to be demonstrated. 

Lethal genes. Studies have shown that certain genes, when in homozygous 
condition, kill the chick embryo. An example is the cross berween hetero- 
zygous creeper and normal chickens. The creeper condition is a dominant 
factor. The F 2 generation should give 3 creepers to 1 normal chicken. Instead, 
there are 2 creepers for each normal bird. The dominant homozygous Individ- 
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ual dies in the embryonic state. Sticky embryos are recessive to normal. The 
"sticky” character is lethal when dominant and homozygous. 

Complementary genes. The normal 9:3: 3:1 ratio for the inheritance of 
two pairs of characters is sometimes changed by different genes producing 
like effects or having complementary effects. 

Mutations. A new character may appear unexpectedly in one generation 
and be transmitted through inheritance to succeeding generations. The new 
character is called a "sport" or a "mutation." It is brought about by a change 
in a gene. The White Plymouth Rock originated as a "sport” from the barred 
variety. 

Complex characters. Not all characters are due to single genes. For in- 
stance, laying performance is a complex character in which several genes 
are involved. Genetically, the number of eggs a bird will lay depends on such 
characters as early maturity, intensity, persistency, and nonbroodiness. 

Selection of Breeding Stock 

Poultry-breeding work during the period 1860-1910 was largely con- 
cerned with the development of new breeds and varieties. Thar the work 
was quite successful is evidenced by the many classes, breeds, and varieties of 
chickens (Chapter Two). Since about 1910, interest in poultry -breeding 
work has centered around the improvement of poultry for meat and egg 
production purposes. Birds with a first-year production of three hundred eggs 
are now as common as two-hundred-egg birds were thirty years ago. Yet, in 
the light of newer knowledge of breeding methods, it appears that poultry 
breeders are merely on the threshold of the possibilities that lie ahead. There 
is a need for a larger number of breeders more thoroughly informed concern- 
ing the fundamental factors involved in the selection of breeding stock for 
the development of superior strains. 

Selection of males and hens for the breeding flock is more of a problem 
than is generally believed. Like individuals do not always beger like individ- 
uals. Physical characters, such as size, shape, and color, may be seen and 
judged by looking at the individual. Physiological characters, such as liva- 
bility, egg production, and hatchabilicy, cannot be seen and measured by look- 
ing at the bird. 

Selection of breeding stock should be based on the laws of hereditary trans- 
mission of characters. Attempts should be made to segregate pure individuals 
for desirable genes, and then to assemble new* stock for desirable combi- 
nations of genes by proper mating. Information regarding a bird’s genetic 
makeup may be obtained from the individual, its ancestry, its sibs, its re- 
productive performance, and its progeny. The latter two are by far the most 
important. Much more emphasis should also be placed on the selection of 
males than females, because each male is mated with from ten to twenty fe- 
males and produces several times as many offspring. 

Selection of individuals. The first step in poultry-breeding work is the 



gg POULTRY: SCIENCE AND PRACTICE 

selection of males and females to be used as breeders. TTte selection should 
be based on (1) vigor, (2) breed and varietal characteristics, and (5) pro- 

duction characteristics. . . f tn 

Vigor. Good health or vigor is the first prerequisite for a bird that is to 
be used in the breeding pen. It is shown by behavior and body characteristics 
(Fig. 4-8) . The contrasts in characters, as shown by birds with good and poor 
vigor, are summarized in Table 4—3. , 

Birds with good vigor are interested in things going on around them an 


Table 4-3 


VIGOR. CHARACTERISTICS OF BREEDING BIRDS 



Good Vigor 

Poor Vigor 

Character Behavior 


Inactive, tired 

Activity 

Very active 

Attitude 

Alert 

Drowsy 

Voice 

Crow or cackle and sing 

Quiet 

Sex interest 

Gallant or coquettish 

Lack of interest 

Appetite 

Eat well, full crop 

Eat little 

Roosting 

Up early, retire late 

Spend much time on perches 

Body Characteristics 1 



Shape j 

Parallelogram 

Triangle 

Back | 

Broad, extends well back 

Narrow, wedge shaped 

Keel 

Long, extends well forward 

Short 

Breast 

Full, plump 

Shallow, thin 

Abdomen 

Deep, full 

Tucked up 

Size 

Generally large, compact 

May be small 

Head 

Broad, round 

Long, thin, flat 

Beak 

Short, heavy, curved 

Long, thin, flat 

Comb 

Large, bright red, warm 

Small, pale, or purple 

Eye 

Large, bright, prominent 

Dull, sunken 

Plumage 

Close, glossy 

Loose, dull 

Wings 

Folded against body 

Drooping 


Upright 

Drooping 

Shanks 

1 Short, thick 

| Long, thin 


are active. They walk, run, fly, forage, scratch, sing, cackle or crow, and show 
sex interest. It was observed at Cornell University that a group of five males 
with good vigor mated 132 times with hens during twenty hours of observa- 
tion, while a similar number of average vitality mated 64 times, and the 
group with low vitality only 39 times. Birds with low vitality have just the 
opposite behavior traits of those with good vitality. 

Birds with good vigor have a broad, loDg, deep body, with a good capacity 
tor handling feed and manufacturing eggs (Fig. 4-9). Other things being 
equal, birds with good, compact body size ate better able to withstand long, 
intensive egg production than birds with small body size. 

The head gives a good indication of the health of the bird. Rice has said. 
The bird carries its health certificate on top of its head," meaning the comb. 
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Fig. 4-a. A leghorn co<lcerel with high vitality (on the right) and one with low vitality (on 
the left). 


A large, bright red corob indicates good vigor, while a small, pale, or dark 
corob indicates low vitality or a diseased condition. If the corob is large and 
bright red, the eyes will be bright and prominent, the face well colored, and 
the wattles red. 

The plumage of vigorous birds is close and the feathers are "well kept,” 
glossy, and unbroken. Vigorous birds generally molr late and quickly. Birds 
with poor vigor may nor molt, and the plumage may be irregular and thin. 
One should rake past production into consideration when judging vigor by 
plumage. Often birds that have been laying for a Jong period of time will 
have poorly kept plumage. They apparently are so busy producing eggs that 
their plumage is neglected. 

Breed and variety' characteristics. Individuals should be selected that 
are free from general disqualifications (p- 38) and that conform to the de- 
scription of the breed and variety as given in the American Standard of Per- 
fection. 

While it is true that there is probably very little relation between the re- 
finement of type and color of a bird and its production, yet one should retain 
the identity of the breed and variety in the flock. The buyers of poultry will 
usually pay more for Standard-bred stock than for birds that lack a definite 
breed and variety’ identity. 

The breeding problem is simplified by choosing a variety with a solid 
color, such as white, in preference to one with shaded or mixed color (bar- 
ring), The white color does nor create a breeding problem. Barring is a 
problem because definite dark and light and narrow bars are preferred. 





F'O- 4-10. Head of c 


u j * 0 °f d Bar , red Plymou,, ‘ Rotk (Wfl and poor layer (right). Note 
the large comb and wattle* and .hort beak on the good layer. 


Product, on characteristics. It is possible to secure an indication of a hen's 
Chataciri^L”’! futur a e ' 8 f P Ioduc,lon b y physical examination of the bird. 

DU,?„mdsh ? 7 “? the “ s 'e nir,can « are summarired in Table 4 - 4 . 

cumnT*^u„Z 8 fi M 't a 0 ” n . onIa y“ s ' In siting good producers and 

tha am avmXo t b L ldS ' “ " n ' cessar 5’ “ b = “Ho to distinguish hens 
tnat are laying from those that are not laying. 6 
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Table 4-4 



CULLING AND SELECTION OUTLINE 


Distinguishing Layers from Nonlayers 

Character 

Laying Hey 

Noslayiyg Hex 

Comb 

Large, red, full, glossy 

Small, pale, scaly 

Eye 

Bright 

Dull 

Vent 

Large, dilated, oblong, moist 

Small, contracted, round, dry 

Pubic bone spread Two or more fingers 

Less than two fingers 

Abdomen and spread Soft, ptiable 

Full, hard 


Three or more fingers be- 

Less than three fingers between 


tween pubic bones and 
keel 

keel and pubic bones 


Estimating Past Production 


Loire Laying Period 

Short Laityc Period 

Vent 

Bluish white 

Flesh colored 

Eye 

Prominent, sparkling 

Dull, sunken 

Eyelids 

Thin, edges white 

Thick, yellow tinted 

Earlobes 

Enamel white * 

Yellow tinted 

Beak 

Pearly white 

Yellow tinted 

Shanks 

White, flat 

Yellow, round, smooth 

Plumage 

Worn, soiled, close 

New, glossy, clean, loose 

feathered 

feathered 


Estimating Merits of Good and Inferior Layers 


Good Layer 

Poor Layer 

Pigmentation 

Well bleached 

Yellow pigment 

Molt 

Late, rapid, laying during 
molt 

Early, slow 

Persistency of 

pro- Laying in August and Sep- 

Out of production in August and 

duction 

tember 

September 


* Mediterranean clan bird*. 


The color of comb and wattle s gives some indication of present production. 
When the ovary starts to function and yolks start to develop, the comb and 
wattles increase in size and become bright red in color. If a bird is about ready 
to lay or is in production, she has a large, bright red, smooth, glossy comb, 
and full, smooth wattles (Fig. 4-10). Near the end of a laying period and 
when production stops, the comb shrinks and becomes dull, dry, and shriveled. 

Condition of the rent is used to indicate production. The vent of a hen in 
production is large, oval or elliptical, and moist. When a bird is out of produc- 
tion, the vent is shrunken, puckered, and dry ( Fig. 4-1 1 ) . 

The space between the pubic bones indicates the laying condition of a 
pullet or hen. As a fowl comes into laying condition, the pubic bones (Fig. 
4-12) spread apart. The distance between them, when a bird is in production, 
will be at least one and one-half inches, even in small fowls, and may be as 
much as three inches in the larger breeds. A space equal to the width of one 
finger (about three-fourths of an inch) between the pubic bones indicates 
that the hen is not laying. A space greater than the width of two fingers 
usually shows that she is laying. 




COlItTIIf T«* tA* l» »*• ••■HI- tO. 


Tig 4-11. 1Vie influence cl egg production on tfle condition of tK* abdomen and vent, left- ° 
bird in production. Note the lorge *poce between the pubic bone* and keel, and the o^B*' 
oval vent. Right, a bird out of production. Note the tmall »poce between the pubic n 
ond keel, and the imoii, flat vent. 

Long production causes the pubic bones to become thin and pliable. In 
nonlayers these bones are less flexible. 

A soft, pliable abdomen indicates that a bird is in production. A full, hard 
abdomen indicates a nonlaying bird. A pullet or a nonlaying bird has a depth 
of only about two fingers between the pubic bones and the keel (Fig- d-13)- 
As the fowl comes into production, the abdomen expands, the keel drops 
down, and the space between the pubic bones and keel has a depth of three 
or more fingers. 

Indications of good layers. The selection of hens should not be based 
on their present laying condition alone. The fact that a hen is laying at the 
time of examination is no proof that she is a good producer. Almost any hen 
will lay during the spring. If she is not laying in July and August of the year 
after she was hatched, she is likely to be a poor layer. 

Although trap-nesting is the best way to ascertain the exact number of 
- eggs a hen has laid, there are easily observed changes in physical appearance 
which indicate a bird’s past laying performance. These include pigmentation 
and molt. 

Pigmentation gives some information regarding a bird’s past production, 
in case of hens having yellow skra and shanks. During the period of produc- 
tion, the yellow xanthophyl pigment in the feed eaten is used for coloring 
the yolks and the body gradually loses its reserve supply of yellow pigment 
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Fig. 4-12. The influence of egg production on the condition of the pubic bones ond abdomen, 
left,. a bird in production. Note the wide space between the pubic bones, and the foose 
abdomen. Right, a bird out of production. Note the small space between the pubic bones 
and the tight abdomen. 

The order of disappearance of pigment from the body and the approximate 
period of egg production required to bleach the body structures are as fol- 
lows: 


Vent I- 2 weeks 

Eye rings and earlobes 2-4 weeks 

Beak 6- 8 weeks 

Shanks 12-20 weeks 


The pigmenr first leaves those structures having the best blood circulation. 
It leaves the beak from the base towards the tip and the front of the shanks 
before the back part. When a bird stops production, the pigment returns in 
the same order as it left and approximately twice as fast. 

The rate of production and the kind of ration alter the rapidity with which 
pigment is lost from the body. Birds laying at a high rate lose pigment more 
rapidly than those laying at a low rate. Birds kept in confinement or fed very 
little yellow corn or alfalfa lose pigment much more rapidly than those re- 
ceiving an abundance of xanthophyl pigment from green grass range, yellow 
com, or alfalfa. 

Molt may be used to indicate a bird’s laying ability. Both the time and 
duration of molt should be considered. 

The early molter is usually a poor layer. The normal molt occurs during 
the summer and fall of each laying year. Poor producers frequently stop lay- 



Fig 4-13. The *poce between the pubic bonti and the keel indicate* the laying condition o a 
bird, left, a bird out of production, with a narrow ipace between the pubic bone* and . *• 
ond a hard, full abdomen. Right, a bird in production, with a wide *p«c# between the pubic 
bone* ond Veel and a *oH, pliable abdomen. 

ing in June or July and begin to drop their feathers. They usually take a long 
time to complete their molt and as a rule lay no eggs during this period. They 
seldom start to lay before December or January, Late molters, after a rest or 
only a month or two, also begin to lay in December or January, 

It takes about six weeks for a new feather to grow out in either a low or 
a high producer, but the latter grows more feathers at a time, thereby com- 
pleting the molt much more quickly than a low producer. Exceptionally good 
hens may molt and lay at the same time. 

The order of the molt is as follows: head, neck, breast, body, wings, and 
tail. If birds are selected in the early fall, the plumage of the good layers will 
show wear and tear, and is usually soiled. The early molting hens will have a 
growth of new feathers. The webs of the new feathers are glossy and bright in 
contrast to the dry, frayed webs of the old ones. The new quills are large, full 
of nutrients, and soft. The quills of the old feathers are small, hard, hollow', 
and nearly transparent. A few pinfeathers in the neck may indicate a short 
molting period without a stop in egg production. When the molt extends to 
the body and wings, the hen usually stops laying and the molt becomes 
complete. 

3r is possible to estimate when the wing molt began by counting the number 
of wing feathers. The primary feathers are the stiff flight feathers seen on the 
outer part of the wing when it is spread out (Fig. 4-14). They are separated 
from the secondary feathers by a short feather (axial feather). There are 
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Fig, 4—14. A diagram showing we«kly stages of the wing molt. The black portions represent 
the old feathers, while the new ones are represented by the feather outlines. (Cornell Bulle- 
tin 503.) 


usually ten primary feathers on each wing, and they are molted from the axial 
feather toward the tip of the wing. Early and slow' molters generally drop one 
or two primary feathers at a time. Late and fast-molting birds shed three or 
more primary feathers at a time. Since it takes about six weeks to grow a new’ 
wing feather, and two-thirds of the growth is made during the first three 
weeks, one can estimate the time of wing molt by observing the number and 
length of the new' primary wing feathers. The new' feathers wdll be clean and 
bright with a soft quill and broad outline. The old primaries are much more 
faded, soiled, worn, and pointed. 
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rap-nest record gives the true picture of a 
not only gives the number of eggs laid, but 
characters and individual reproductive per- 

tormance. . , , j 

Ancestry. A good individual with good ancestry is to be preferred to one 
with poor ancestry because it is more likely to carry the genes for the desired 
character. It should be remembered that good ancestry only betters tne 
chances; it does not guarantee purity. The greater the variation in the environ- 
mental conditions, the ration, and management practices, the less the reliance 
that can be placed upon the ancestors’ records of production in the selection 
of progeny for future breeding purposes. 

Sibs. The records of the brothers and sisters in a family furnish further 
evidence of an individual’s desirability as a breeder. The probability is greater 
that the bird under consideration is pure for the genes for the characters he 
carries when his brothers and sisters have the characters. 

Reproductive performance. A bird will be of little value as a breeder un- 
less it reproduces well. It may lay many eggs but still be of little value as a 
breeder if it has few or no progeny. 

Fertility of eggs is the first limiting factor determining the number of off- 
spring. Low fertility may result from sterility or partial sterility of the male, 
barrenness of the female, aversion or favoritism on the part of the male, or a 
lack of sex interest in either sex. Fertility is an individual characteristic which 
is not readily inherited by offspring. It remains more or less constant from 
year to year. There appears to be no relation between fertility and hatcha- 
bility. 

Hatchability is an inherited character. A hen may lay a large number of 
fertile eggs, yet many of the embryos will die in the shell. The poor hatch- 
ability may be due to lethal genes. Some of these are stickiness, deformed 
mandibles, and malpositions of embryos. 

Livability of chicks hatched is the final measure of a bird's reproductive 
performance. Chicks from certain matings are known to live well, while those 
from different matings, kept under identical conditions, have high mortality. 
Livability is inherited. It may also be influenced greatly by environment. It 
is a good practice to use only breeders whose progeny live welL 
Progeny. The final proof of a bird’s value as a breeder is its ability to trans- 
mit desirable characters that it possesses to its offspring. Selection of female 
breeders on the basis of their first year trap-nest records failed to improve egg 
production in the Maine Experiment Station flock. When selection of cock- 
erels and pullets for breeders was made on the basis of their offspring’s 
record, a steady increase in production was obtained. 

Systems of breeding Poultry 

Once individual breeders have been selected, they are bred according to 
one of two systems, inbreeding or crossing or modifications of them. 

inbreedmg. Inbreeding is the mating together of relatives. Since there 
are different degrees of relationship, there are also different degrees of in- 


The trap-nest record. The u 
bird's egg-laying performance. It 
is necessary for a study of egg 
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breeding. The term "close inbreeding” is used to refer to the mating of broth’ 
ers and sisters or parent to offspring. 

The purpose of inbreeding is to intensify desirable characters — that is, to 
secure them in more homozygous condition. Inbreeding is used on poultry 
farms to develop lines which when crossed will give progeny with high egg 
production, large eggs, good meat type, good livability, etc. 

Inbreeding may result in reduced vigor and a decline in hatchability unless 
the birds are selected for good vigor and hatchability, as well as the particular 
character that is to be improved. It must be remembered that, if a bird is 
selected for a good character and it should happen to have a bad one and if it 
is inbred to intensify the good one, the bad one will also be intensified. 

At the University of Wisconsin, Rhode Island Red pullets and cockerels 
were selected on the basis of plumage color. Vigor, egg production, and 
hatchability were not considered. After four years of inbreeding, in which 
brother and sister matings were used, the experiment had to be discontinued 
because of the decline in vigor, egg production, and hatchability. The decline 
in hatchability is shown in Table 4-5. 

Table 4-5 


INFLUENCE OF CLOSE INBREEDING ON HATCHABILITY AMONG 
RHODE ISLAND REDS 2 


hitting | 

| First Year j 

Srcond Year 

| Third Ycjr 

Fourth Y«r 



49 


18 



31 


64 


* Cole end Hatpin. 


Inbred poultry , according to the National Poultry Improvement Plan (page 
106) is the first generation poultry, chicks, or eggs, produced by a mating of 
poultry of known relationship, related to the degree of first cousins or closer. 

Inbred line is a group of inbred poultry, or chicks, or eggs, resulting from 
at least four generations of inbreeding. The poultry constituting the line must 
be individually identified as to origin and so interrelated that the mating of 
any pair within the line would result in progeny with an amount of inbreed- 
ing of 37.5 per cent (equivalent to two generations of brother-sister mat- 
ings). 

Coefficient of inbreeding is the measurement of the decrease in hetero- 
zygosity. It is exactly one-half of the relationship between the parents unless 
these parents are themselves inbred, in which case some correction should be 
made. For instance, if a bird is heterozygous for 100 pairs of genes and it is 
inbred so that its inbreeding coefficient is 25 per cent, it will probably be 
heterozygous for only 75 pairs of genes. The formula for determining the 
coefficient of inbreeding is complicated and need not be considered here. 

Crost breeding: This includes : ( 1 ) The crossing of two different breeds 
or varieties. (2) Crossing first generation poultry resulting from the combi* 
nation of two different breeds or varieties with another and different breed 
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or variety (3) Crossing the first generation poultry resulting from the com- 
bination^ mo different breeds or varieties with the first F ncrat '™ P™ 
resulting from the combination of two other different breeds or 

Crossing is used to identify the set of chicks at hatching time and to pro 
dttce chicks for commercial broiler and egg production. It may result in i t- 
rer hatchability, livability, and growth rate of chicks (Table 4-6). Results 


Table 4-6 


INFLUENCE OF METHOD OF BREEDING ON PERFORMANCE OF FOUR GENERAL 
PURPOSE BREEDS OF POULTRY * 


Obtervationt (Average of Thr« Ye*r») 

Pure Strain 
(Inbreeding) 

Strain 

Cron 

Cwibred 


82.3 

79.9 

85 


76.7 

76 0 

81 



678.0 

709 



625.0 

641 


37.0 

300 

28 0 



30.0 

31.0 


41.0 

45.0 

46.0 

March egg weight gram* 

March body weight, lbi 

600 

6.1 

59.3 

6.4 

59.3 

6.4 


* Nordikog and GKoitley — 19J4. 


obtained may be expected to vary with the breeds or varieties crossed and 
also their purity. Crosses should be tested to determine the value of their 
progeny before being produced in large numbers. 

Hybrid chickens as used at present refers to stock produced by crossing of 
breeds with or without previous inbreeding. 

Strain crossing is a form of breeding in which one family line is crossed 
with that of another of the same variety. The object is to hold the good traits 
already in the one family line and to capture the good ones from the other 
one. Or, it may be to attempt to get rid of the undesirable traits in one 
and obtain only the good ones from another line. 

Recurrent reciprocal selection is much like strain crossing but differs fmffl 
it in the way the pure strains are multiplied. They are multiplied not on * e 
basis of their own performance but by using those individuals which cross 
best with the other line ( Fig. 4—1 5 ) . 

Step 1— Cross strains A males with B females 
A females with B males 

2— Measure performance of the crosses. 

3— Pick out best A and B breeders (Step 1). 

4— Reproduce the best Ax A and BxB birds. 

5 — Cross the AA and BB birds. 

Topcrossing is a form of strain crossing in which an inbred male of one 
strain is mated with a non-inbred female of another strain. 

Recurrent selection is a form of top crossing in which selection is made 

wVh LTnw it ne on the b ““ of ,h<: ‘““S 





Performinee tests identify the 
oacjandiog offipriag which « 
the time time identifiet the 
superior breeders. 



Fig. 4-13. Breed improvement by reelprocct recurrent selection (ofter Heitdorf ond Nelson 
Formi, Kirkland, Washington). 
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Outgrading is a breeding plan used 
by many commercial hatcheries to 
improve the quality of the chicks sold. 
They buy improved males of some 
breed or variety, Single-Comb White 
Leghorns for instance, and place them 
in hatchery flocks comprised of Single- 
Comb White Leghorns (Fig. 4-16). 
The object is to improve the quality 
of the chicks produced from the 
flocks. 

Backcrossing is the mating of a 
crossbred animal back to one of the 
pure parent races which were crossed 
to produce it. It is not widely used in 
poultry breeding. 

Incrossing is: (1) The crossing of 
two inbred lines of the same or of dif- 
ferent breeds or varieties. (2) The 
crossing of first generation poultry re- 
sulting from the combination of two 
other inbred lines when each line used 
is of different breed or variety than any other used. The production of com- 
mercial incrossbreds is usually accomplished by this method (Fig. 4-17). 
Some incrosses improve the quality of the resulting stock while others do not. 
The problem is to find desirable combinations of inbred lines for making 
desirable crosses. 

Closed flock breeding. This system of breeding begins with the selection 
of individuals and families within a flock. The individuals from different 
families are mated. No new strains of stock are introduced. No crossing is 
practiced except between the different families within the flock. The objective 
of the closed flock system of breeding is to combine or intensify the desirable 
characters in the different families within the flock and at the same time re- 
duce or eliminate the undesirable ones. 



Fig. 4-16. Flock improvement by the p 
chase of improved motes (outgrading). 


Methods of Mating 

The method of mating used will have a marked influence on fertility and 
consequently on the number of offspring used. The two most common meth- 
ods of mating are flock and pen mating. Stud mating and artificial insemina- 
tion are sometimes used in experimental work. 

Flock mating. Flock or mass mating means that a number of males are 
allowed to run with the entire flock of hens. This system of mating is used 
on most farms. In flock matings the percentage of the chicks hatched is un- 
known. 

Other things being equal, better fertility is obtained from flock matings 
than from pen matings. There is an opportunity for birds to mate with those 
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Inbred Leghorns 
(3 generation Bro. X Sis. 
/ equivalent or more) 

Inbred Rhode Island Red 
(3 generation Bro. X Sis. 
equivalent or more) 

Male of Line A X Female of Line B Male of Line C X Female of Line D 

I 1 

\ 

AB 

1 

CD 

Incross Leghorn Males 
(Flock Owner Males) 

In cross Rhode Island Red Females 
(Flock Owner Females) 


ABCD 

Incrossbreds 

(Commercial hybrid chicks No. 00 ) 


coumsv •. CtO*G( ikAt 


Fig. 4-17. Production of incrosibred hybrids. 

they like in flock mating; in pen mating there is no choice. Competition 
among males in flock mating also results in more matings and better fertility. 

The number of hens that should be mated with each male will vary with 
the size and age of the birds (p. 94) . 

Pen mating. In pen mating a pen of hens is mated to a single male. If 
the birds are trap-nested and the hens leg-band number recorded on the egg, 
it is possible to know the parents of every chick hatched from a pen mating. 

About the same number of hens are mated with a male as in the case of 
flock mating. Fertility is generally not so good in pen mating as in flock 
mating. This is because certain hens may not like the male, or vice versa. 

Stud mating. In stud mating the females are mated individually with 
a male kept by himself in a coop or pen. In this system of mating more 
females can be mated with a male than in pen matings. Stud mating in- 
volves more labor than flock or pen mating. The birds should be mated at 
least once each week in order ro maintain good fertility. 

Stud maring may be used when a very valuable male is being used as a 
breeder. By the use of stud mating, more offspring can be obtained from the 
male. 

Artificial insemination. Artificial insemination is possible but not prac- 
tical in ordinary poultry-breeding work. It is used in experimental work with 
hens kept in cages and may be used in turkey breeding where poor fertility is 
encountered. 

A method has been developed at the National Agricultural Research Center 
and elsewhere for securing sperm from the male by artificial stimulation and 
for transferring it to the oviduct of the female. Doses of .1 cc of semen in- 
jected once a week give good fertility. 
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Securing Good Fertility 

Once high egg production has been secured, fertility is the first factor 
•which determines the number of offspring that may be obtained from a given 
individual. As in the case of other animals, both males and females among 
poultry may be sterile. It is a good plan to test the fertility of males an 
females at least a month before the beginning of the breeding season. Factors 
influencing fertility include the number of females mated to one male, the 
age of breeders, the length of time between mating and saving eggs for 
hatchability, and management practices. _ 

The number of birds mated to one male. In mating birds of the light 
or egg breeds, such as Leghorns, it is customary to use one male for fifteen 
to twenty hens. In case of the general-purpose breeds, such as Plymouth 
Rocks, it is customary to use one male with ten to fifteen hens. About eight 
to twelve hens are mated with one male in case of the heavy breeds, such as 
the Brahmas. 

Age of breeders. Young birds are more active than old ones. Fertility 
is better among pullets and cockerels during the first year than later on. 
Males are not very satisfactory as breeders after they are about three years old. 

Fertility can be improved by using cockerels with old hens or pullets with 
old males. When both old hens and old males are used in the breeding pen, 
fewer hens should be used with each male than generally recommended. 

Length of time after mating. It is possible to secure fertile eggs about 
twenty-four hours after males have been placed in the pen. However, a maxi- 
mum percentage of fertility is not reached until about ten days after the birds 
have been mated. 

It is possible to secure fertile eggs as long as twenty-one days after the 
males have been removed from the flock. Reasonably good fertility may be 
expected for about a week after removal of the males. In case a male bird dies 
or is replaced by another male in a breeding pen, one should wait about three 
weeks before saving eggs for hatching in order to be sure that none of the 
eggs were fertilized by the sperm of the preceding male. 

It is true that when other things are equal, the newest sperm in the oviduct 
will be most likely to fertilize the eggs. 

Influence of flock management. The health of the flock and housing 
conditions influence fertility. Good fertility cannot be expected unless the 
birds are vigorous and active. 

Extremely cold weather will result in poor fertility and poor hatchability 
unless housing conditions are such that the birds will be comfortable. In cold 
climates, where breeders are kept in unheated pens, it is a good plan to dub 
the combs and wattles of the males to prevent freezing. Birds with frozen 
combs or wattles are inactive because of the soreness of the affected parts. 

The poultry house should be kept clean, dry, well ventilated, and free from 
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Breeding for Hatchability 

It is known that feeding and management practices affect hatchability. 
Aside from these, rhere are a number of breeding practices which influence 
hatchability. Chief among these may be mentioned the age of breeders, egg 
production, method of breeding, egg characters, and lethal genes. 

Age of breeders. Eggs from pullets show a little better hatchability of 
fertile eggs than those from hens. Since fertility of eggs from pullets is higher 
than that from hens, the number of chicks obtained from each one hundred 
eggs set is higher from pullets than from hens. This fact tempts some 
hatcherymen to hatch from pullets rather than from hens. The chicks from 
pullets will not be so large or uniform as those from hens. 

The University of Missouri has made a study of the hatchability of eggs 
from hens and pullets, comprising several different breeds. The results are 
summarized in Table 4-7. 


Table 4—7 

THE PER CENT HATCHABILITY OF PULLET AND HEN EGGS A 


Breed 

Pullet. 1 

Hen. 

White Leghorns 

83 

75 

Rhode Island Reds 

79 

71 

Barred Plymouth Rocks 

62 

57 

White Plymouth Rocks 

76 

69 


‘Funk. 


The hatchability of eggs of the same group of birds used two or more 
breeding seasons in succession tends to decline. Studies made at the Kansas 
Experiment Station are summarized in Table 4-8. 

Table 4—8 


PER CENT HATCHABILITY OF EGGS FROM THE SAME 
GROUPS OF BIRDS IN SUCCEEDING YEARS 6 


Breed 

Pullet Year 

Second Year 

Third Year 

Fourth Year 

White Leghorns 

75 

66 

70 


White Leghorns 


78 

72 

61 

Rhode Isfand Reds 

60 

53 

49 


Rhode Island Reds 


69 

66 

54 




Egg production. Good hatchability is associated with good egg produc- 
tion. There is a common belief char if birds have been laying very long be- 
fore the hatching season, hatchability of eggs and livability of chicks will be 
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,ower than from birds that have no. laid so many egg. A * *»dy °f *« 
was made ar rhe National Agricultural R ““^““ h ^. n£lh of time 
summarized in Table 4-9. From it, one may conclude that the Jcng 


Table 4-9 

effect of previous production on hatch ability 

AND LIVABILITY OF CHICKS * 


Pre\ tou* Production cf Birdi 
from October to Hatching S* 


Barred Plymouth Rocks 
Those laying 0-29 eggs 
30-59 eggs 
60-89 eggs 
Rhode Island Reds 

0-29 eggs 
30-59 eggs 
60-89 eggs 
White Leghorns 

0-29 eggs 
30-59 eggs 
60-89 eggs 

• Jull. 



birds have been in production before the hatching season does not influence 
the hatchability of the eggs set or the livability of the chicks hatched. 

Methods of breeding. Hatchability is influenced by the method of breed- 
ing. Close inbreeding tends to lower hatchability (p. 89), while cross- 
breeding increases it. If birds ate selected for high hatchability as well as for 
the character to be intensified in line breeding, no harm results from this 
system of breeding. 

Egg characters. Egg characters, such as size, shape, and interior quality* 
affect hatchability. 

Standard-weight eggs, those weighing two ounces each, hatch better than 
those much above or below this weight. 

Long pointed and short bulging eggs do not hatch well. They should be 
culled out from eggs that are to be used for hatching purposes anyway. “ 
a pullet is hatched from such an egg, it will likely lay the same kind. Long 
pointed and short, thick eggs are unsatisfactory for packing for market. 

Double-yolked eggs seldom hatch. Embryos may develop in such an egg 
until near the hatching day The chicks are too cramped and there is not 
enough space for respiration and movement in the pipping process. 

Eggs with shells of medium strength hatch better than eggs with shell: 
that are too thick or too thin. Evaporation is too rapid from thin-shelled egg 
during the period of incubation. Chicks have difficulty in pipping in egg 
with extremely thick shells. 

Eggs with good interior quality, as judged by candling appearance, hatcl 
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better than those with poor interior quality. Eggs with a large proportion of 
white in proportion to yolk do not hatch so well as those with less white. 

Records were obtained on the relationship between the candling grade of 
eggs and their hatchability in connection with chicks produced for the An- 
nual Baby Chick Show, held at Ohio State University. Some of the data ob- 
tained are summarized in Table 4-10. 

Table 4~10 


INFLUENCE OF EGG QUALITY ON HATCHABILITY 


Quality of Egg* 

1938 

1939 

1910 

Total for Three 
Years 

Grade A 

1147 

4547 

5825 

11519 


825 1 

3364 

4192 

8381 


72 

74 

72 

73 

Grade B 

1733 

2155 

1001 

4889 


1229 

1550 

741 

3523 


71 

72 

74 

72 

Grade C 

97 

30 

4 

131 


50 

19 

I 

70 


52 

63 

25 

53 

Blood and Meat Spots 

9 

19 

37 

65 


4 

11 

23 

38 


44 

58 

62 

58 

Cheekf 

14 

30 

2 

46 


4 

16 

1 

21 


29 

53 

50 

46 






Lethal genes. Lethal genes affecting hatchability have been discovered 
in recent years (p. 78). In studying hatching records on breeding farms, 
the dead embryos should be examined in order to locate sires and dams 
carrying the lethal genes in heterozygous condition. A sire and a dam eadi 
Carrying a lethal gene in a heterozygous condition will produce offspring b 
the proportion of three normal to one carrying the lethal character. The 
sire, mated to his daughters, produces five normal to one lethal or sesen cr~. 
mal to one lethal embryo. 

Hatchability improvement through breeding can be secured oalv br 
nesting and selection of individuals and families. The farmer who 
low hatchability as a result of breeding can improve it by the use 
which were produced by families having high hatchability. s 
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Breeding for Livability 

Livability is influenced greatly by feeding and management practicK. It 
is also influenced, in many cases, by low res.stance of the stock to disease 

10 Experimental evidence has shown that there ate family differences as re- 
cards the susceptibility to and resistance against pullorum, fowl typ > 
range paralysis, roundworm infestation; crooked keels, and repr u 

tr °Breeds and strains. Chicks obtained from different breeds and strains 
but reared under identical conditions show marked differences in livability 
(Table 4-11). 


Table 4-11 


VARIATION IN PERFORMANCE OF 27 BREEDS, STRAINS AND 
CROSSES FOR BROILER PRODUCTION 7 


Observation 

Average 

Range 


48.5 

31.9-62.8 


96.7 

92.0-98.6 

Lbs. feed per dozen eggs 

8.7 

9.7 

6.7-12.8 

0.0-42.5 


74.3 

55.2-83.1 


85.0 

76.9-95.4 

Progeny at 10 wks. 


2.6- 3.2 



3.3- 4.1 



1.0-12.3 

Lbs. feed per lb. of gain 

2.4 

2.2- 2.5 


1 lllh Georgia broiler-breeder test 1956-57. 


System of breeding. Inbreeding results in reduced vigor and increased 
mortality (p. 89). Crossbreeding has the opposite effect. If care is used in 
the selection of breeding stock for livability, as well as for the character to 
be intensified, some inbreeding may be practiced without harmful effects on 
livability. 

In breeding for livability, only birds from families that have shown good 
livability should be used. Theoretically, at least, it would be possible to im* 
prove livability by the system of breeding known as outcrossing (p. 92 ). 
The use of males from families that have shown good livability reduces adult 
mortality. 


Breeding for Growth and Leathering 

Rate of growth and adult body size are both inherited characters. Thef 
may be influenced greatly by the selection of breeding stock (Table 4-11 )• 
The rate of growth of body flesh and feathers is also influenced by the protein 
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Fig. 4-18. Chicks showing contrasting feather growth, left, slow feathering chick at age of 
10 day*: right, fost feathering chick at same age. (U. S. D. A. Leaflet 233.) 


and vitamin content of the ration (Chapter Eight) and the temperature used 
in brooding. 

Within a given breed or variety it has been observed that some strains grow 
much faster and reach sexual maturity earlier than others. Strains with nar- 
row feathers generally mature more slowly than those with broad feathers. 
Birds with narrow feathers in the Barred Plymouth Rock and Rhode Island 
Red breeds may produce chicks that have bare backs most of the time during 
the first six to eight weeks of the growing period. 

The breeding stock should be selected on the basis of the rate of growth 
up to eight weeks if it is desired to increase rate of growth. The young stock 
should be inspected for weight and feathering at this age. Underweight and 
poorly feathered birds should be removed or marked and removed later on. 
If the records on growth and feathering are not recorded until the birds are 
housed, many of the undesirable birds will be missed. They will have com- 
pleted a normal plumage and possibly will have grown to normal size by the 
time they are placed in the laying house. 

Early-feathering chicks are found within a breed and strain as indicated 
by the length of the wing and tail feathers at about ten days of age (Fig. 
4-1 S). By picking out these chicks and using them as breeders, it is possible 
to develop an earlier-feathcrng strain of birds. 

Crossbred poultry generally make better growth during the first eight to 
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Fig 4-19. A good body type for 
meat produetlon. The legi are 
short; the breast broad; and the 
keel is carried well forward. 



body is short and narrow. 


twelve weeks than the Standard-bred birds from which they were hatched 
(Table 4-6). The adult size is generally intermediate between that of the 
two breeds that were crossed. Data obtained at the California Experiment 
Station indicate that the shank length measurement of live birds is a true 
indication of heritable differences in body size. 


Breeding for Meat Prod net ion 

Breeding chickens for meat production has been overshadowed by breed- 
ing foi egg production. As we shall see, selection of birds for egg production 
is very complicated. Very little may be learned about the egg production of 
a hen by looking at her. It is quite different in selecting birds for meat pro- 
duction. Birds are selected for type in breeding for meat production. 

Extensive studies have been made in Canada on the selection and breeding 
of birds for meat production. Contrasts in good and poor types for meat pro- 
duction are shown in Figures 4-19 and 20. Good birds have a broad back and 
the keel is carried well forward. The legs are short and thick and set well 
apart. The neck is short. Poor meat-type birds have narrow backs and shallow 
breasts; the legs are long, thin, and dose together. Birds selected as breeders 
for meat production should have shown rapid growth and good feathering 
during the first eight weeks Variations in meat-type breeds, strains and 
crosses axe shown in Table 4-1 1 . 


Breeding for Egg Production 

Mcki of the income from chickens is from the sale of eggs for food and for 
hatching purposes. The higher the egg production secured, the lower the 
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feed and total cost per dozen of eggs. Consequently, poultryraen are interested 
in high egg production. Good feeding and management practices will result 
in an increase in egg production from about SO or 90 eggs per year to 150 
or 160. Greater production will depend largely on careful selection of breed- 
ers on the basis of the trap nest, sib, and progeny records (Tables 4-12 
and 13). 


Table 4-12 


THE AVERAGE FIRST-YEAR PRODUCTION OF THE DAUGH- 
TERS OF DAMS CLASSIFIED ACCORDING TO THE 
RANGE IN EGG PRODUCTION OF THE DAMS 8 


Range in Egc Production 
or Dams 

| Average Ecg Production or Daughters 

Rhode Island Reds 1 

White Leghorns 

181-190 

1 

162 

191-200 


157 

201-210 

18S 

168 

211-220 

205 

161 

221-230 

192 

173 

231-240 

192 

176 

241-250 

199 

169 

251-260 

201 

188 

261-270 

200 

209 

271-280 

197 

188 

281-290 

179 

20S 

291-300 


222 

301-310 


228 

311-320 


2Z0 


•JulL 


Selection on the basis of the trap-nest record. Inherited characters for 
high egg production include early sexual maturity, rate of production, lack of 
pauses, non broodiness, and persistency in production. Accurate records re- 
garding these characters can be secured only through trap-nesting the birds. 
Once prospective breeders have been selected on the basis of vigor and 
breed and variety characteristics, they should be leg-banded and trap-nested; 
and the records should be analyzed on a family basis before the breeders are 
selected. 

Early maturity. Early sexual maturity, the age at which egg production 
begins, is an inherited character. It shows dominance and some sex linkage in 
which several genes are probably involved. By selecting the early -maturing 
birds in a flock each year, it is possible to materially reduce the time required 
to reach sexual maturity in a flock. At the Kansas Experiment Station the time 
required for a strain of Rhode Island Reds to reach sexual maturity was re- 
duced from 269 to 222 days in the course of six years of selection and breed- 
ing for early maturity. 

If light breeds, such as Leghorns, are to lay approximately 250 eggs during 
the pullet year, they should come into production when about five months 
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Fig. 4-19. A good body type for Fig. 4-20. A poor body type for 

meat production. The leg» ore meat production. The leg* are 

thort; the breast broad; and the long; the breoit ihollow; and the 

keel is carried well forward. body is short and narrow. 

twelve weeks than the Standard-bred birds from which they were hatched 
(Table 4-6). The adult size is generally intermediate between that of the 
two breeds that were crossed. Data obtained at the California Experiment 
Station indicate that the shank length measurement of live birds is a tcue 
indication of heritable differences in body size. 


Breeding for Meat Production 


Breeding chickens for meat production has been overshadowed by breed- 
ing for egg production As we shall see, selection of birds for egg production 
is very complicated. Very little may be learned about the egg production of 


a hen by looking at her. It is quite different in selecting birds for meat pro- 
duction. Birds are selected for type in breeding for meat production. 

Extensive studies have been made in Canada on the selection and breeding 


of birds for meat production. Contrasts in good and poor types for meat pro- 
duction ate shown in Figures 4-19 and 20. Good birds have a broad back and 
the keel is carried well forward. The legs are short and thick and set well 
apart. The neck is short. Poor meat-type birds have narrow backs and shallow 
breasts; the legs are long, thin, and close together. Birds selected as breeders 
for meat production should have shown rapid growth and good feathering 
during the first eight weeks Variations in meat-type breeds, strains and 
crosses are shown in Table 4-11. 


Breeding for Egg Production 

Most of the income from chickens is from the sale of eggs for food and for 
hatching purposes. The higher the egg production secured, the lower the 
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feed and total cost per dozen of eggs. Consequently, poultrymen are interested 
in high egg production. Good feeding and management practices will result 
in an increase in egg production from about 80 or 90 eggs per year to 150 
or 160. Greater production will depend largely on careful selection of breed- 
ers on the basis of the trap nest, sib, and progeny records (Tables 4—12 
and 13). 


Table 4-12 


THE AVERAGE FIRST-YEAR PRODUCTION OF THE DAUGH- 
TERS OF DAMS CLASSIFIED ACCORDING TO THE 
RANGE IN EGG PRODUCTION OF THE DAMS 8 


Range in Egg Production 
of Dams 

| Averace Egg Production or Daughters 

Rhode Island Reds 1 

White Leghorns 

I8I-I90 

• • I 

162 

191-200 


157 

201-210 

1SS 

16S 

211-220 

205 

161 

221-230 

192 

173 

231-240 

192 

176 

241-250 

199 

169 

251-260 

201 

18S 

261-270 

200 

209 

271-280 

197 

1SS 

281-290 

179 

20S 

291-300 


222 

301-310 


228 

311-320 


220 


* JulL 


Selection on the basis of the trap-nest record. Inherited characters hr 
high egg production include early sexual maturity, rate of production, lack of 
pauses, nonbroocfi’ness, and persistency in production. Accurate records re- 
garding these characters can be secured only through trap-nesting the birds. 
Once prospective breeders have been selected on the basis of vigor and 
breed and variety characteristics, they should be leg-banded and trap-nested; 
and the records should be analyzed on a family basis before the breeders are 
selected. 

Early maturity. Early sexual maturity, the age at which egg production 
begins, is an inherited character. It shows dominance and some sex linkage in 
which several genes are probably involved. By selecting the early-maturing 
birds in a flock each year, it is possible to materially reduce the time required 
to reach sexual maturity in a flock. At the Kansas Experiment Station the time 
required for a strain of Rhode Island Reds to reach sexual maturity was re- 
duced from 269 to 222 days in the course of six years of selection and breed- 
ing for early maturity. 

If light breeds, such as Leghorns, are to lay approximately 250 eggs during 
the pullet year, they should come into production when about five months 
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old. In the case of general-purpose breeds, such as Rhode Island Reds, produc- 
tion should start when the birds are about six months old. 

In a flock of birds in which all of them are the same age, the first per 

cent that come into production will be the best layers. . 

Rate of production. A bird that lays at a high rate has a shorter interval 
between ovulations, the eggs remain in the oviduct for a shorter period of 
time, and laying takes place more nearly at the same hour each day than in 
the case of a low-rate layer. In other words, the best layers lay in long clutches 
with few intervals, while the poor layers lay in short clutches with numerous 
intervals of varying length between the clutches. At the National Agricultural 
Research Center it has been observed that full sisters lay at more nearly the 
same rate than half sisters and less related birds, and half sisters lay at more 
nearly the same rate than less related birds. 

The rate of production is figured on a percentage basis, using the number 
of eggs hid from the date of the first egg to a given date in relation to the 
total number of days involved. If a flock of birds is to average about two 
hundred eggs during the first year of production, they should lay at the rate 
of 60 per cent, or at least four eggs per clutch. 

Lack of pauses. Some birds lay well for a while and then go out of pro- 
duction for varying lengths of time. A pause is regarded as an interval of 
more than seven days between clutches of eggs. Some pauses may be caused 
by digestive disturbance, a cold or other respiratory trouble, parasites, etc 
Other pauses are encountered which cannot be accounted for on the basis of 
disease, environment, and management. They are believed to be hereditary. 
One of these pauses is encountered during the winter and is commonly re- 
ferred to as the winter pause. 

In selecting birds to be used for breeders, those with the fewest pauses and 
of the shortest duration should be selected. 

Nonbroodiness. If a bird is to lay well, it must not be broody much of 
the time. Broodiness is partially determined by a dominant sex -linked charac- 
ter. Unless breeders are selected for nonbroodiness, the offspring will show 
more broodiness each year with a decline in egg production. 

Light breeds, such as Leghorns, are less broody than general-purpose breeds, 
such as Plymouth Rocks. Within a given breed or variety there are strains 
with much less broodiness than is found in others. 

When two breeds are crossed, the progeny generally show more broodiness 
than that shown by either of the parent breeds . 

A record should be made of each period that a bird is broody. If the broody 
period is often or of long duration, the bird should not be used in the breed- 
ing pen. It is a common practice to reject Leghorns that are broody two or 
more times during the year, as well as general-purpose birds that are broody 
three or more times. 


Persistency in production. Persistent layers are those that lay well durii 
the summer and fall of the year following that in which they were hatche 
The termination of the fits, year of laying is closely related to the fast a 
nual molt Most birds quit laying and then molt. A few birds will lay ai 


BREEDING PRINCIPLES AND PRACTICES 103 

molt at the same time; these are usually very desirable birds for use in the 
breeding pen. 

Birds should be selected for persistency of production that lay approxi- 
mately twenty-five eggs during August and September of the year following 
that in which they were hatched. 

At the Massachusetts Experiment Station, Rhode Island Red breeders were 
selected for egg production for eighteen years on the basis of early maturity, 
rate of laying, nonbroodiness, and persistency. The days required to reach 
sexual maturity were reduced from 200 to 196; rate of lay (clutch size) in- 
creased from 54 to 92 per cent; persistency of production increased from 331 
to 343 days; and average annual egg production increased from 200 to 221. 
Similar results are being obtained today but at a faster rate by the use of larger 
numbers of families of birds. 

Selection of breeders on the basis of the first year of egg production alone 
is not a satisfactory measure of their breeding value (Table 4-12). 

Selection on the basis of the family records. A bird with a good pedi- 
gree or family history of good production is to be preferred to one whose 
pedigree is unknown. A study of the egg-production records of ancestors back 
as far as three generations is useful in estimating the breeding value of an 
individual. However, the records of rhe brothers and sisters are as important 
or more so than that of the parents and grandparents in predicting the breed- 
ing value of a male or female. 

Selection on the basis of the progeny test. Performance of the individual 
is valuable in breeding for improvement in characters of high heritability 
such as growth rate, body conformation, and egg weight. Family and progeny 
records are essential in breeding for improvement in characters of low herita- 
bility such as egg production, hatchability, and viability. The final and most 
valuable test for a breeder is the kind of progeny that it produces. It is not 
how many eggs a hen lays that counts, but the number her daughters will Jay. 
If a bird is to be valuable as a breeder, it must be able to transmit desirable 
characters to its offspring. 

Poultry-breeding work at the Maine Experiment Station became the 
foundation for modern poultry breeding and progeny testing. Nine years of 
poultry breeding in which females were selected for breeders on the basis of 
their first-year trap-nest records failed to produce an increase in the level of 
egg production among the pullets raised each year. When pullets and cock- 
erels were selected for breeders each year from among the best families of 
that year, a steady increase in the level of egg production was achieved. 

It is highly important to select sires of superior breeding value because 
the average sire has about ten times as many chicks as the average dam. Some 
actual case records are presented in Table 4-13. Sire Number 1 is far more 
valuable than Number 3 as a breeder, even though his mates did not have 
quite so high an egg production. 

In carrying on a progeny test program the first step is to determine which 
of the different male birds used proved to be the best breeders. The daugh- 
ters of each male should be compared with those of other males with respect 
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Table 4-13 


VARIATIONS IN EGG PRODUCTION OF DAUGHTERS 
OF DIFFERENT SIRES AND DAMS 


D Samba 

. Amur Production 

1 of Mater or Self 

Number cf 
Daughter* 

Average Eg* Pro- 
duction of Daughter* 

Sire 1 

264 

76 

219 

Sire 2 

276 

103 

191 

Sire 3 

283 

114 

163 

Dam 4 

281 

8 

278 

Dam 5 

312 

19 

203 

Dam 6 

254 

11 1 

186 


to sexual maturity, rate of laying, lack of pauses, nonbroodiness, and persist- 
ence of production. Having determined the best males, the next step is to 
determine the female progeny of each of the hens ro which a superior male 
was mated. 

The breeding program should be based on the selection of outstanding 
families Sires and dams of outstanding value should be used as many years as 
possible. Their progeny should also be given preference when selecting fu- 
ture breeders. 

Since the life of chickens is relatively short, and their breeding period 
pretty well over by the time records on the progeny ate known, the records 
of the full sisters are given considerable weight in selecting cockerels for the 
- ^ Cn ’ V tbe ^ rst P att t ^ ie puller laying year is outstanding, as 

judged by sexual maturity, rate of laying, lack of pauses, and nonbroodiness of 
aU ^ T CTS m r thC famU7, thf? brothcrs cau be used as breeders that year with 
a good degree of assurance that they will prove satisfactory. 

°° the bas j s of ioog'time egg production. Birds that lay well 
e ° Cy , d ° 50 tfrc second V“ r - There are some notable 
N ^"r 3 bird that lives and continues to lay well for 

record of productio^ “ “ 3 breeder than one with 3 shorter 

pe^L7 d SfT™ Sa 2?- ' he dedin = in C SS production is about 20 
SinTlhe ntflL ? u S ^ P ° r insI ““ « 3 bird laid 200 eggs 
year and 130 the .Ld'yLTif *e 

by imnrnner e £S production has been retarded 

by raore *» -° nd 
rected. P°° r practices are cor- 


Breeding for Egg Quality 

fot^KP^'clu^eliXst ^ 17 thi ° 8 “ '* c °“ id ““« i“ breeding 

and shell color and^Z and M “ ‘l S siK 

3nd tntettor quality (Table 4-14) 
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Table 4-14 

REPORT OF 8TH NEW YORK RANDOM SAMPLE EGG LAYING TEST, 

mar. 1, 1957-july 14, 1958 (33 entries) 9 


Observation 

Average 

Range 

Average 
of 2nd. test 

Egg production. Hens housed 

— 214 

173-236 

172 

Egg production. Hen-day 

—227 

190-253 

207 

Egg size. Ounces per dozen 

26.2 

25.0-27.8 


Sexual maturity. Days to 50% production. 

180 

172-192 

184 

Mortality. Eight to 500 days 

% 13.9 

2.0-42.5 

40.8 

Mortality from neoplasms 

% S.6 

0.0-20.0 

19.8 

U. S. D. A. Scores of albumen in June. 

3.7 

2.9-5. 1 

4.8 

Per cent blood and meat spots 

9.4 

4.0-18.0 

12.1 

Feed per dozen eggs. Lbs 

4.7 

4.3— 5.5 

6.2 


*D. R. Marble, Supervisor Random Sample Test. Cornell University, Ithaca, New York. 


Egg size. Egg size is correlated with body size within the breed and 
strain. Egg size increases from the time pullets start to lay in the summer or 
fall until the month of February. The size of eggs declines during the hot 
summer months. Eggs produced during the second year of production are 
larger than first-year eggs. Those laid at the beginning of a clutch are larger 
than those laid at the end. There is also a tendency toward a decline in egg 
size with the total number of eggs laid in a year. 

It is possible to secure and maintain good egg size even with high egg pro- 
duction by mass selection of breeders that have good body and egg size as 
well as good egg production. 

Eggs of uniform shape weighing between twenty-four and twenty- 
eight ounces per dozen, should be set in order to maintain standard-weight 
eggs of twenty-four ounces per dozen in the succeeding generation. There 
is a tendency for birds to revert to the laying of small eggs like those of their 
ancestors, unless one continually selects eggs of good size for hatching. 

Leghorns should weigh at least three pounds, Rhode Island Reds four and 
one-half pounds, and Plymouth Rocks five and one-half pounds ar the time 
production begins, if good egg size is to be obtained. The size of the pullet, 
rather than the age at which it starts to lay, is the more important factor in- 
fluencing egg size. 

Shell color. Shell color is more imporranr in white eggs than in brown 
ones. Varying shades of color are expected among brown eggs. Tinted shells 
should be avoided among white eggs; they do not influence the food value 
of the eggs, but do have an unfavorable effect on the appearance of packs of 
white eggs. White eggs that have timed shells should not be set. Birds that 
lay eggs with tinted shells or poor shell texture should not be used for breed- 
ers. The use of the trap nest enables one to detea the birds that lay undesir- 
able eggs. 

Eggshell texture declines with age and the length of the laying period. 
A breeder may have laid eggs with good shell texture in the pullet year and 
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with thin or rough shells in later years. Shell thickness declines toward the 
end of the laying year, often becoming quite poor in the late summer. Bn 
should be selected for breeders that lay well during the months of August 
and September, and that produce good shells during this period. 

Interior quality. Interior quality of eggs is influenced by breeding l iaD 
4-14). The percentage of thick white to total white, presence of blood spots, 
and possibly yolk color, are influenced by the genetic constitution of the bird. 
Hatching eggs should be graded for size and shape, and candled for shell tex- 
ture and interior quality. 


The National Poultry Improvement Plan 


Most states have had some kind of breed improvement programs for a 
number of years. Some have been supervised by state regulatory agencies, 
some by poultry extension service agencies, and others by dues paid by mem- 
bers of the association. The programs have lacked uniformity in terminology 
and supervision. 

In 1935 the United States Department of Agriculture established the Na- 
tional Poultry Improvement Plan in co-operation with state poultry improve- 
ment associations. The objectives of the plan are to improve the breeding 
and production qualities of poultry and to reduce losses from pullorum and 
typhoid diseases. This is being accomplished by ( 1 ) the development of more 
effective state poultry improvement programs; (2) the identification of the 
quality of breeding stock, hatching eggs, and chicks by authorized terms that 
are uniform and applicable in all parts of the country; and (3) the establish- 
ment of an effective co-operative program through which newer knowledge 
and practical experience can be applied to the improvement of poultry and 
poultry products. 

Acceptance of the plan is optional with the states and with individual 
members of the industry within the states. The plan is administered in each 
state by an official state agency, co-operating with the Animal and Poultry 
Husbandry Research Division, Agricultural Research Service, United States 
Department of Agriculture. 

The National Poultry Improvement Plan is divided into two parts: breed- 
ing stages and pullorum control and eradication classes. 

Breeding stages. 1. U. S. Approted. All males and females are selected by 
Authorized Agents according to standards prescribed by the State College of 
Agriculture. 


_?■ U. S. Certified . (a) Eggs. All males ROP or all males and females from 
ROP Performance Tested Parent stock for egg production, (b) Meat. Same 
requirements as for eggs except the stock is tested for meat production. 

i. U. S. Record of Per/trraatice (ROP). (a) Female (1) an individual 
that has laid at the rate of 60 pet cent ot more during a period of at least 
10 consecutive months, when nap-nested a minimum of five days per month 
»da. leas. 1°0 dajs. (2) Members of an entire family of six’ormore full 

kld ” “ avera « e ra,e of 65 P“ cent ot mote during a period 
of at least 10 consecutive months, when trap-nested as above, (b) Males. Pro- 
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FLOCK PARTICIPATION IN NPIP 




Fig. 4-21. Flock participation and pul Jorum testing under the Notionol Poultry Improvement 
Plan, 1936-1958. 


duced from an ROP sire and ROP dam in a single male mating. The birds 
must be vigorous, free from disease symptoms; representative of the breed 
and variety; and free from serious defects such as abnormal eyes, crooked 
beak or back, seriously crooked breast bone, or toes, wry tail; and underweight 
as defined for disqualifications in the Standard of Perfection. 

A. U. S. ROP Tested Parent Stock, (a) Egg production. Progeny entered 
in an officially recognized central random sample egg production test and 
ranked in the top two-thirds of the entries, based upon income above feed and 
chick costs per pullet chick started, (b) Meat production. Progeny enrered in 
an officially recognized central random sample meat production test that laid 
at an average rate of at least 50 per cent on a hen-housed basis and had an 
average 9 -week weight of at least 2.5 pounds for pullets and 3 pounds for 
cockerels or ranked in the top third of the entries in rate of lay and rate of 
growth. 

The minimum welghr of hatching eggs sold for all breeding classes shall be 
l 1 0z - each for replacement stock and 1 1 oz. each for broiler stock. 




COUHKSY OHIO POULTRY IMPROVIPIRT A*J««UtlO* 

Fig. 4-22. Trcp-neiting. The bird end egg are removed from the neit and the egg record 
on the trap-ne»t record jheet. 


Pullorum and Typhoid Control Classes. Pullorum and typhoid are t* 
closely related bacterial diseases (p. 320) that may be transmitted from t e 
breeding hen to the baby chick, through the hatching egg, and result in hig 
mortality of chicks, the first three weeks. The disease may be detected by 3 
standard tube, rapid serum or stained antigen whole blood test. The test 
made by an Authorized Agent. Tests must be made at last three weeks an 
not more than one year apart. Chickens must be at least five months old when 
tested. 

1. U. S. Puiiofum — Typhoid Passed. Rocks in which no puUomm. or ty- 
phoid reactors were found on the last official blood test. 

2. U. S. Pullorum — Typhoid Clean. Flocks in which no pullorum or t T‘ 
phoid reactors were found on two consecutive official blood tests. 

Accomplishments of the Plan. The average annual egg production m 
the United States increased only seven eggs during the twenty-five-year p e ' 
riod before the National Plan was started. During its operation the averag e 
annual egg production has increased rapidly (Fig. 1-8). 

The per cent of pullorum reactor chickens in flocks when official pullorum 
testing was started in the United States in 1920 was about 11 per cent. By 
1957 it had been reduced to about 0.045 per cent (Fig. 4—21). Since the N a ' 
tional Plan was started, the number of breeders tested, has increased fro® 
about 2.5 million to about 39 million. 


coaarisy qmiq rouuti mf lovixtuT association 


Fig. 4-23. Selecting birds for the breeding flock; pullorum testing by the whole blood method; 
end banding approved birds. 


Poultry-Breeding Records 

The efficiency of any poultry-breeding program will depend on the com- 
pleteness and accuracy of the records kept. They are essential for selection of 
breeders on the basis of production, reproduction, family and progeny per- 
formance. The United States Department of Agriculture, in co-operation with 
the state poultry improvement associations, has developed a system of records 
for use in the National Poultry Improvement Plan. The simplest breeding 
records used in connection with the record of performance are ( 1 ) the 
monthly trap-nest record, (2) yearly summary sheet, (3) the breeding-pen 
record, (4) incubation and chick-banding report, (5) pedigree record, and 
(6) the female summary record. 

The monthly record. Trap-nesting is costly because it requires about 
twice as much labor to care for birds. Therefore, in starring a poultry breed 
improvement program, one should first have a healthy flock of Standard-bred 
birds with good flock-production records. 

The birds to be trap-nested should be selected from the flock, blood-tested, 
and leg-banded with a sealed band ( Fig. 4-23 ) . The birds should be trapped 
every hour during the morning and ever) 1 hour or so during the afternoon 
(Fig. 4-22) . When the bird is removed from the nest, the egg is recorded on 
a monthly record sheet ( Fig- 4-24 ) . 
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Ug. 4-24. Monthly trap-nest record sheet. 

The various characteristics Jisted at the top and right of the form should be 
recorded in order to supply as much information regarding individual layers 
as possible. 

The monthly record forms are large enough to provide for the recording of 
the monthly production of twenty-five to fifty hens. 

The yearly summary sheet. The monthly egg production and character- 
istics of each bird are transferred from the monthly record to the yearly sum- 
mary sheer, and the total production determined for the year. Birds to be used 
tn the breeding pen are selected largely on the basis of their health, body 
5, 2 e, and egg production records, as shown on the summary sheet. 

The breeding-pen record. The records of the females used in the breed- 
k 3fe obtain . e<1 from the y^rly summary sheet and recorded on the 
brewing-pen record The record of the male used in the breeding pen is ob- 
tained from the pedigree index record. 

,■3' * e brewing pen are trap-nested. The pen number, 

5 ' num ber of the hen, and the date ate nutked on the large end of 

K '™' d the “*■ and IKOrd 

hentVwi >a n i ° l L i,n<i chi ';‘‘- bandi "S report. The male's record and the 
ten leg-band numbers ate taken from the breeding-pen record and recorded 

Ch ' Ck - b3 "' i "'8 report. A sepfite sW is used for each 

4 are SlSVndTr the T hi "6 w by pen numbers ar the time 
(Re. Zzi -fte n" 4 V "™ bC ’? ” ' he « .he rfme they are set 
they ate set and each h,4 ^ “ ch ben is recorded 3t the time 

tween the sixteenth and ro e ailcr in the tray. Sometime be- 

candled, the mfeitilc eggs rraried, the’dMd"’™!?™"’ *3 sho “ ld ** 
t " c °ead embryos and infertile eggs re- 
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Fig. 4-2 5. A convenient cabinet for holding hafehing eggs until placed in the incubator. The 
top of the cabinet has indentations so that eggs may be arranged according to the hen or the 
pen they came from. The two rows of drawers are for holding the eggs from different pens. 

moved, and each hens harchable eggs placed in a separate pedigree basket or 
sack for hatching. 

At hatching time each hen’s chicks are counted, wing-banded (Figs. 4-26 
and 27), and the numbers recorded on the incubation and chick -banding re- 
porr. 

The pedigree record. The wing band, pen and dam’s numbers are taken 
from the incubation and chick-banding reporr and recorded on the pedigree 
record. The wing-band numbers are listed in numerical order. Spaces are 
provided for recording the date, season, and sex of every chick removed and 
for the sex and leg-band number of each bird kept. 

The pedigree record should be kept in the brooder house and each bird re- 
corded at the time of removal. Some breeders go over all of the chicks when 
six or eight weeks old and again at twelve or sixteen weeks, as well as at the 
time of housing (Fig. 4-2S), and cull our and record any slow-growing, 
poorly feathered, or otherwise abnormal birds. 

The female summary record. The breeding pen progeny record (Fig. 
4—29) is the most important of all the records kept. It shows whether or not 
birds used in the breeding pen are able to transmit desirable characters to 
their offspring. 
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eoniTMV eHta poult n wNnum issochtion 

Fig. 4-28. Impeding U. S. R. O. P. cockerels. Those approved for breeders will be leg banded 
and pedigrees approved by the inspector. 


THE NATIONAL "POULTRY IMPROVEMENT PLAN 
U. S. R. O. P. PEDIGREE RECORD 

(Tor tn»J*n who u»» (anally iu>mb«i*<i vtn« Ixuui.) 


Kune RhwI \ »nWy Date of hitch 



Fig. 4-29. U. S. R. O. P. pedigree record. 


The records of the male and dams may be copied from rhe breeding-pen 
and incubation and chick-banding record sheers. Most of the large poultry 
breeders place the records on IBM cards. 

The records of the female progeny may be obtained from the pedigree rec- 
ord and from the pullet year summary sheet. A portion of a typical pedigree 
record is shown above. 
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FJg. ■♦-30. U. S. R. O. P. Female-Summory Record. 
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Chapter 5 


Incubation 


INCUBATION practices may be better understood if the principles under- 
lying them are more thoroughly explained. Those who investigate the factors 
influencing hatchability should have some knowledge of the structural and 
physiological development of the chick embryo. Those who operate the in- 
cubators should be able to do a better job if they understand the development 
of a baby chick. 


Development of the Chick Embryo 

The development of the chick embryo is a very' interesting phenomenon. 
Embryologists are interested in its early development because of the general 
information about embryology which may be obtained by studying the early 
stages of development of the chick embryo, these stages being quite similar 
to those of the mammals. The poulcryman is interested in the embryology of 
the chick because an understanding of its development will supply informa- 
tion as to the requirements for incubation, and will point the way to better 
incubation practices. In twenty-one days remarkable changes occur inside the 
egg. During this time a mass of nutritive material is transformed into a com- 
plex living organism. 

In discussing the development of the embryo it is well to consider the 
anatomical or structural development as well as the physiological develop- 
ment which the embryo undergoes from fertilization to hatching. 

Anatomical Development 

The development which takes place in an egg from the time of fertilization 
to the time of hatching is one of the wonders of nature which man has re- 
vealed to himself by the use of the microscope. The complexity of this de- 
velopment cannot be understood without some thorough training in cm- 
bryology. 

Development before the egg is laid. Soon after fertilization, cell divi- 
sion begins. It continues as long as the temperature of the egg is above 82° F. 
and, after hatching, until growth has been completed. As cell division pro- 
gresses the blastoderm spreads out over rhe yolk. The cells are first arranged 
in a single layer (the ectoderm) bur they soon form, by invagination or fold- 
ing under, another layer — the entoderm. The formation of the entoderm is 
called gastrulation ( Fig. 5-1 ). 
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Incubation 


INCUBATION practices may be better understood if the principles under- 
lying them are more thoroughly explained. Those who investigate the factors 
influencing hatchability should have some knowledge of the structural and 
physiological development of the chick embryo. Those who operate the in- 
cubators should be able to do a better job if they understand the development 
of a baby chick. 


Development of the Chick Embryo 

The development of the chick embryo is a very interesting phenomenon. 
Embryologists are interested in its early development because of the general 
information about embryology which may be obtained by studying the early 
stages of development of the chick embryo, these stages being quite similar 
to those of the mammals. The poultryman is interested in the embryology of 
the chick because an understanding of its development will supply informa- 
tion as to the requirements for incubation, and will point the way to better 
incubation practices. In twenty-one days remarkable changes occur inside the 
egg. During this time a mass of nutritive material is transformed into a com- 
plex living organism. 

In discussing the development of the embryo it is well to consider the 
anatomical or structural development as well as the physiological develop- 
ment which the embryo undergoes from fertilization to hatching. 

Anatomical Development 

The development which takes place in an egg from the rime of fertilization 
to the time of hatching is one of the wonders of narure which man has re- 
vealed to himself by the use of the microscope. The complexity’ of this de- 
velopment cannot be understood without some thorough training in em- 
bryology. 

Development before the egg is laid. Soon after fertilization, cell divi- 
sion begins. It continues as long as the temperature of the egg is above 82° F. 
and, after hatching, until growth has been completed. As cell division pro- 
gresses the blastoderm spreads out over the yolk. The cells are first arranged 
in a single layer (the ectoderm) but they soon form, by invagination or fold- 
ing under, another layer — the entoderm. The formation of the entoderm is 
called gastrulation ( Fig. 5-1 ) . 
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Fig. 5-1. Traniv«n* section* of a chick embryo ot the stage of the primitive streak, showing 
the primary germ layers: A, through the primitive knot; B. through the primitive groove. 


Parthenogenesis. Olsen of the U. S. D. A. Research Service has established 
that in both turkeys and chickens, parthenogenesis (spontaneous development 
of embryonic tissue) may occur in eggs produced by nonmated females. 
Olsen was able to hatch a few of these eggs and to raise some to maturity- 
One of the males was reported to have sired poults. 

Development during incubation. After the fertile egg is laid, embryonic 
development proceeds when the egg is held where the temperature is higher 
than 82° F. The two primary germ layers (ectoderm and entoderm) are USU‘ 
ally formed by the time the egg is laid, and the third layer (mesoderm) 
formed soon thereafter if a suitable incubation temperature is maintained. 
From these three primary germ layers the different parts of the embryo de- 
velop. The skin, feathers, beak, claws, nervous system, and the linings of the 
mouth and vent develop from the ectoderm. The entoderm gives rise to the 
respiratory and secretory organs and the linings of the digestive tract. The 
bones, muscles, blood, excretory and reproductive organs have their origin in 
the mesoderm. 

First day. The primitive streak is visible after about sixteen hours of 
incubation in the incubator. Thereafter development proceeds rapidly, many 
new organs arising between the sixteenth and twenty-fourth hours of incuba- 
tion. The head of the embryo becomes differentiated; the foregut is formed; 
four somites are visible; the blood islands, which later develop into a blood 
system, appear in the area vasculosa; the neural fold arises which later forms 
the neural groove; and the coelom and the pericardial regions make their ap- 
pearance. 

Second day. The neural fold closes, forming the neural groove, the 
anterior part of which develops during the second day into the different parts 
ot the brain, the forebrain, midbrain, and hindbrain. The heart is formed 
dunng this per.od and by the forty-fourth hour of incubation has begun to 
beat. Two distinct circulatory systems are established, one within the body of 
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shell membrane. The allantois serves as a respiratory and also as an excreto^ 
organ for the embryo. The allantois ctrcnlatton ,s ako a medtum by 
trients from the albumen and calcium from the shell are carried to 


"^The leg and wing appendages are now visible as limb buds. The tail has 
made its appearance. Five divisions of the brain can be located. The sp 
nerve roots have begun their development. The lens of the eye the audnory 
vesicles, and the olfactory pits are visible. The heart has not been bf nc 
inside the body and can be observed to beat if the egg is opened. The 

internal organs have already begun their development. 

The embryologist is not interested in the development of the chick e 
bryo beyond the fourth day because from there on only growth takes p ace. 
For him the important story is ended, but the poultryman continues to 
interested because his objective in incubation is a well-hatched chick an e 
needs to know more about the development which occurs throughout the en 


tire period of incubation. _ 

Later embryo development. By the sixth day the main divisions of 
wings and legs are visible. The feather tracts appear on the eighth day an 
by the ninth day the embryo has a birdlike appearance. On the thirteenth 
the color of the chick down may be observed. By the sixteenth day the beak, 
nails, and scales ate well formed. The supply of albumen is now about ex- 
hausted and therefore the yolk serves as the sole source of nutrients. 

Hatching. On the seventeenth day the fluid in the amnion begins to 
decrease. The yolk is drawn into the body cavity on the nineteenth day. 
beak soon thereafter pierces the air cell and pulmonary respiration begins. 
The normal position of the chick for hatching is with the head under the 
right wing, in the large end of egg, and the legs drawn up towards the head. 
Two 'special mechanisms, the horny cap on the upper mandible and muscles 
on the back of the neck, are developed for hatching the chick. The horny cap 
serves as an instrument for pipping the shell and the enlarged muscles on the 
neck supply the power for pipping. The allantois, having served its function 
as a respiratory and excretory organ during embryological development, is 
no longer needed and appears in the shell at hatching as a dried up mem- 
brane filled with blood vessels. 


Critical stages in incubation. There are definite stages in the develop- 
ment of the chick embryo when mortality is highest. These stages occur in 
chickens during the first and third weeks. Bronkhorsr has determined the 
daily distribution of embryonic mortality in high and low hatching lines 
(Fig. 5—4). A satisfactory explanation of the critical stages has not been 
given, but it will probably be found in the physiological changes which occur 
in these embryos during the first and third weeks. Much of the mortality 
which occurs at the end of the incubation period can be attributed to abnor- 
mal embryo positions which are caused by inheritance as well as environ- 
mental factors and feeding The early embryonic mortality may arise from 
the "forts of the embryo to shift its source of energy from a simple com- 
pound (glucose) to a more complex substance (protein), which requires 
deamination. 




* an *"° ,M * • _ . ... _ vnrv <f>ow!ng ova In different »toge» 

Hg. 5-3. The development of the chick. £ * or J ®J lng . C. tarty cleovoge of the btartoderm. 
of development. B. The fertilized egg ot t.m 9 e *ien.lon of blortoderm e*er yolk. 

D. I„ op.n.d I. .how A. , fuming .«b)i.k^ o. Ik. b'p.-pj*'" 

E ond F, Stage* during which the d [ e ” , ° G1 a blodder-like outgrowth ot the poiterlor 

.. . . .. . _ tv TV.* a ontou appear* ci a ond the volt, »wr* 


t and t, Stage* during Q , n blodaer-«*o - - ■ 

t.nd. furtk.r over the yolk- Tk« ”! d , hot .niorged ond <k. *" r ' 

•nd cl tk. .ntbtyo 1. F. G, Stogo I" '■*'* ' f 0 „ d G ,k, .melon T. itan do-V 
rounded by Ih. yolk >oc. ko> b«om. "doe - lte | k , |, f.pnt .!.w of h.od, *•.'»« 

rounding tk. .mbryo. H, lo.or .tog. *"•"= * b.lor. botching, .homing yolk rtolk 

eye*, naial opening*, mouth, and ear*. , 


and remain* of yolk. 


POULTRY: SCIENCE AND PRACTICE 



AOC IN QfcV3 

Fig 5-4. Daily embryonic mortality, in per tent of fertile egg*, within a high ond a lo* ( ) 
hatching line of White Leghorn*. (From Bronkhoat.) 


Physiological Development oj the Chick Embryo 

The poultryman, as well as the physiologist, is interested in the physiology 
of the embryo and the physiological changes which occur during incubation- 
A more thorough understanding of these phenomena may help solve some 0 
the problems of incubation. 

General metabolism of the embryo. Under the heading of general 
metabolism, pH changes and water metabolism may be considered. The hy- 
drogen concentration of unincubated eggs remains fairly constant, but when 
fertile eggs are incubated, the pH changes considerably. Before incubation, 
the yolks have a pH of 4.5 and the whites a pH of 8.5. During incubation, tbe 
pH of the yolks rises steadily to a pH of 6 about the tenth day and neutrality 
(pH7) by the sixteenth day. The pH of the white decreases regularly to neu- 
trality on the tenth day and a pH of 6 on the fifteenth day of incubation- Tb e 
allantoic liquid remains nearly neutral and the amniotic fluid remains neutral 
until the eleventh day, after which it becomes decidedly acid in reaction. 

The relative water content of chick embryos decreases from about 94 per 
cent on the fifth day to about 80 per cent at hatching time. The egg of the 
domestic fowl loses water by evaporation at a constant rate (about 5 per cent 
weekly) during the process of incubation, the rate being governed by the rel* 
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ative humidity of the atmosphere of the incubator and the physical charac- 
teristics of the egg. Air exchange (ventilation) in the incubator is restricted 
to near the minimum amount required in order to aid in the maintenance of a 
desirable humidity in the machine. 

The egg shell is porous to permit the entrance of oxygen for embryo respi- 
ration and the escape of carbon-dioxide, a by-product of embryo metabolism. 
Eggs with thin, porous shells permit the escape of too much moisture resulting 
in poor hatches and small, nervous chicks. When hatched under excessive 
humidity, the chicks are heavy, soggy, and lack vigor. 

During the first ten days water passes from the white into the yolk, the wa- 
ter content of the white decreasing and that of the yolk increasing. From the 
tenth day until hatching the yolk loses water, and by the twenty-first day the 
water content is about the same as chat of the yolk of a fresh-laid egg. 

Energy for embryo development. Eggs are a good source of energy; how- 
ever, they are usually too expensive for human consumption, primarily as a 
source of energy content. The energy is concentrated mainly in the yolk 
because of its high fat and relatively low moisture content. There is some 
energy in the albumen of the egg. Energy value of eggs varies widely de- 
pending on size. 

During embryo development, the energy content of the egg decreases 
because hear is produced by the developing embryo, a small amount the first 
few days with a gradual increase as the embryo increases in size. Large 
incubators have to be equipped with cooling devices for summer incubation 
because the temperature of the intake air used for ventilation plus the heat 
(energy) produced by the incubating eggs raise the incubator temperature 
above 100° F. This may result in high embryo mortality. 

The sources of energy for the developing embryo are in the order of their 
usage, carbohydrates, proteins and fats. Needham says: 

It is possible that carbohydrate is first combusted because it requires no prepa- 
ration. Proteins must be deaminated, fats must be desarurated, and probably the 
embryo in its earlier stages cannor do either of these things, bur, on the other 
hand, glucose lies ready for use, and it is significant that what is combusted is 
free, not combined, carbohydrate. There is already evidence that the power of de- 
saturation of fats only arises at the comparatively late stage of development, e.g., 
the tenth to the fifteenth day in the chick. And we may look on the unsarurated 
fatty’ acids which are notably present in the yolk as a preparation for these condi- 
tions. 

Carbohydrate metabolism. Though the egg contains only a small amount 
of carbohydrate material and this is used throughout the incubation period, 
it is the chief source of energy during the early development of the embryo. 
The carbohydrates found in the chick embryo during the early stages arc very 
largely glucose in combination with protein. During the first week glycogen 
increases outside the embryo and free sugar increases within the embryo. 
During the second week the free glucose continues to increase and the 
glycogen of the yolk sac increases. Between the seventh and eleventh days 
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some fat is transformed into carbohydrates by the embryo. By - the ^ moth day 
the pancreas is secreting insulin. Begmmng at about the eleventh day the 


liver is able to store glycogen. gf th 

Fat metabolism. Fat is not utilized by the embryo until aft . er 
day of incubation and it is not deposited in the embryo until a 
tenth day. Fat serves as an important source of energy for the enibry , 
particularly during the later stages of development when most eaaff 
needed. About 99£ per cent of the fat of the egg is contained in the egg 
yolk. About one-third of the fat of the egg is lost by combustion and tne 
other two-thirds is transferred to the embryo. . , 

Protein metabolism. The proteins of the embryo are derived from 
proteins of the egg. A number of investigators have shown the decreas 
of the different amino acids in the egg white and yolk during mcuba 1 
and the increase of these amino acids in the embryo as it develops. e 
amino acids essential for embryonic development must be present in t e 
white and yolk of the egg. Those which have been identified are trypto- 
phane, tyrosine, histidine, arginine, lysine, and cystine. 

The percentage of nitrogen excreted by the chick embryo in differed 
forms are ammonia 1 per cent, urea 7.6 per cent, and uric acid 91-4 P cr 
cent. During the first week the nitrogen is excreted principally as am- 
monia and urea, but after the first week it is excreted almost entirely as 
uric acid, which is the form in which the adult bird excretes nitrogen. 

Mineral metabolism. A number of investigators have worked on cal- 
cium metabolism in the hen’s egg during the process of incubation. It 
has been shown that in fertile eggs which are incubated the shell loses 
calcium and that the calcium content of the interior of the egg increases. 
This change occurs only when an embryo is developing in the egg. M° rc 
calcium is transferred from the shell to the embryo when the relative 
humidity is high than when it is low. The transfer of calcium from the 
shell to the embryo is also influenced by the amount of vitamin D present 
in the egg. 

Phosphorus is an important constituent of the embryo. Most or tne 
metabolism of phosphorus occurs after the fifteenth day of incubation a° d 
is associated with bone formation. 


The sodium, potassium, and chlorine content of the white decrease 
throughout the incubation period, while the quantity of these elements 
present in the embryo increases steadily. In the yolk these elements in- 
crease until the seventh day and then decrease, thus indicating a greater 
movement of these elements from the white to the yolk during the 
week than from the yolk to the embryo. All minerals needed by the chick 
embryo are obtained from the egg. 

Enzymes in embryonic development. Enzymes play an important pa* 1 
in the development of the chick embryo, reducing substances of the eg£ 
to less complex structures so that they may be utilized by the develop- 
ing embryo Some are present in the egg and others are secreted by * c 
embryo. 
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Table 5-1 


PERCENTAGE INFERTILITY AND PERCENTAGE HATCHABILITY OF VARIOUS 
TYPES OF DEFECTIVE EGGS 1 



* Number 
of Eggs 
Set 

• Per- 
centage 
op Total 
E ccs EX- 
AMINED 


Per- 

Number 
of Chicks 
Hatched 

Percentage Hatch 

Ttpe of Defective Eggs 

FERTILE 

Eggs 

of Eggs 
In- 

Fertile 

Eggs 

Set 

Total 

Eggs 

Set 

Cracked eggs 

610 

1.27 

155 

25.4 

242 

53.2 

39.7 

Extra large eggs (65 gr. 
or more) 

332 

.69 

113 

34.0 

155 


46.7 

SmaU eggs (45 gr. or 
less) 

155 

.32 

80 

51.6 

60 


38.7 

Misshapen eggs 

6S 

.14 

21 

30.9 

23 

48.9 

33.8 

Poor shells 

102 

.21 

28 

27.5 

35 

47.3 

34.3 

Loose air cells 

47 

.10 

13 

27.7 

ii 

32.4 

23.4 

Misplaced air cells. . . . 

406 

.85 

89 

21.9 

216 

68.1 

53.2 

Large blood spots 

174 

.36 

37 

21.3 

98 

71.5 

56.3 

All defective eggs 

1,894 

3.95 

536 

28.3 

wem 

61,8 

44.4 

Control eggs 

3,031 


537 

17.7 

2,174 

87.2 

71.7 


* The first two Columns of figures in Tabic give the numbers and percentages of eggs of various types found 
among 47,950 newly laid White Leghorn eggs. 

* OUejj and Haynes, 1949, 


Hormones in chick development. Very little is definitely known about 
the function of hormones in the development of the chick embryo. Most 
of the hormones are not present in the freshly laid egg but are found afrer the 
endocrine glands develop to a stage where they are capable of secreting them. 
Insulin and the estrogenic hormone are present in the yolk of the freshly laid 
egg. This yolk insulin may play an important part in carbohydrate metabo- 
lism before the insulin-secreting cells of the pancreas become functional. 
After the eleventh day the embryo is capable of insulin secretion. Adrenalin, 
which is secreted by the adrenal glands, is first formed in the embryo on the 
eighth day of incubation. 

Pigment metabolism. The fresh egg contains only a few pigments but 
the chick contains several that are unlike those of the fresh egg. The embryo 
during its development is capable of synthesizing hemoglobin, bile pigments 
from the breakdown of hemoglobin, the carotenoid pigments (red and 
greenish yellow), and the melanin pigments of the dark-colored chicks. 

Vitamin production by the embryo. Fresh eggs laid by hens properly 
fed for the production of hatching eggs contain all of the vitamins essential 
for hatching. Unless these vitamins are provided by nutrition of the breeding 
stock the embryo could not develop and hatch. Some of the vitamins, how- 
ever, are synthesized by the embryo. 


Factors Influencing the Hatcbability of Eggs 

Many facrors or conditions affect harchability, some of which are known 
and others still unknown but may be revealed by later research. 
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The discovery of 

a method or process whereby fertility or hatchability of eggs set in the United 
States would be increased by 2 per cent, would result in extra chicks valued 
at approximately $6,000,000 annually. Approximately 30 per cent of all eggs 
set in the United States fail to produce ducks. 

The poultry man is interested in the number of saleable chicks he can hatch 
out of the eggs purchased and that depends upon mo general conditions— 
the fertility of the eggs and the hatchability of the fertile eggs. 

fertility 

It is estimated that 10 per cent or more of the eggs set in the United States 
each year are infertile. Such eggs are not only a loss to the industry but they 
occupy valuable incubator space and require time-consuming labor in han- 

Some eggs laid within 24 hours after mating may be fertile, but generally, 
£thm two weds after a flock is mated, satisfactory fertility may be attained. 
“* removal of males from a flock is followed by a decline in fertility within 
wffl Li J 2 T lm ' uA <=ys. Few, if any, fertile eggs 
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Rations. Sperm production may be reduced by deficient or restriaed 
rations. Prolonged deficiency of vitamin E may result in sterility in some 
males. Both the sperm production and fertilizing capacity of cockerels may 
be affected adversely by restriaed feed consumption •which results in loss of 
body weight. Adequate nutrition of the breeding stock is essential to fertility. 

Hormones. The science of endocrinology has yielded valuable informa- 
tion about fertility in poultry. The removal of the pituitary gland causes 
atrophy (shrinkage) of the testes and cessation of sperm produaion. Males 
injected with pituitary extraa and pregnant mare's serum produced more 
sperm than untreated controls. Injections of male sex hormone have in- 
creased fertility. Thiouracil, which reduces thyroid aaivity, also reduces the 
fertilizing capacity of sperm. The injeaion of adrenalin depresses sperm 
production. 

Age. Fertility in both males and females is ac a maximum during the first 
year and generally declines thereafter with age. Though fertile eggs may be 
produced by hens mated with cockerels ten weeks of age, satisfaaory fertility 
is not attained until the males are about six months old. 

Egg produaion. Females of high egg produaion tend to produce a 
higher percentage of fertile eggs than those laid by birds who do nor pro- 
duce as many eggs. 

Preferential mating. The fertility of eggs laid by some hens in individual 
male matings may be inaeased by changing males. Possibly both males and 
females have their preferences. Some hens, completely sterile when mated 
with one male, lay highly fertile eggs when another male is used. The "peck 
order" that exists in fowl no doubt affects mating and fertility. 

Breeding. The faa that fertility varies with strains and breeds indicates 
some degree of inheritance of this trait, though of a Jow order. 

Work at the California Station indicates that fertility and hatchability are 
independent in inheritance. Inbreeding tends to lower fertility. 

Hatchability 

Both research workers and hatcherymen have observed that hatchability is 
an inherited trait. Too often, poor hatching flocks are being retained as hatch- 
ery-supply flocks when the)' should be completely replaced by stock possess- 
ing the potential to hatch well. In building a flock program, the hatcheryman 
should selea strains that possess high fertility and hatchability in so far as he 
can obtain such stock. 

Inbreeding. Close inbreeding, without rigid selection for hatchability, has 
been shown to be detrimental to hatchability in both chickens (p. 89) and 
turkeys. 

Crossbreeding and incrossbreeding. Though the results of crossing pure 
breeds or incross breeds will depend upon the charaaers or genes carried by 
the parent stock, such crossing usually results in inaeased hatchability 
(p- 20). 

Lethal and semilcthal genes. Geneticists are discovering genes in poultry 
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Table 5-2 

EFFECT OF AGE OF EGG AND HOLDING TEMPERATURE ON THE PERCENTAGE 
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Table 5-3 

RELATION OF SHELL TEXTURE AND HATCHING RESULTS 1 


Trial 

| Shell Texture 

Eccj Set 

Percentage Hatch 

AH Egg* 

Fertile Egg* 

i 

Good 

1011 

54.8 

67.1 


Poor 

336 

60.0 

72.2 

II 

Good 

1797 

59.0 

76.3 


Poor 

925 

57.1 

77.4 


1 Mo. Agr. Eipt. Su. Bui. 341. 


(both chickens and turkeys) that cause the death of embryos and thereby 
lower hatchability. They have reported nineteen lethal genes in chickens and 
three in turkeys. The effects of some of these genes (p. 78), result from ab- 
normalities which prevent hatching, such as deformed beaks. 

Egg production. Eggs laid by hens producing at a high rate are not only 
more fertile, but they possess higher hatchability than eggs laid by less pro- 
ductive layers. 

Age. Hatchability tends to be highest during the first laying year for both 
turkeys and chickens. 

Management of Flocks 

Hatchability is affected by the management of the breeding stock in mat- 
ing, housing conditions, range, and feeding. 

Matings. The ratio of males to females affects fertility; too few or too 
many males may be used for best results. The Oregon Station has shown that 
5 to 6 Leghorn or Cornish males per 100 females and 6 to 7 New Hampshire 
males per 100 females are sufficient for maximum results. 

Housing conditions. There is evidence that both extremely cold or hoc 
weather tends to reduce hatchability as well as fertility. Therefore, it is ad- 
visable to cope with these extremes through a suitable housing program. If 
freezing conditions in the house can be avoided in winter, the flock as well 
as the caretaker will benefit. If temperatures do not rise above 85° F. in the 
houses during summer, hatchability is not likely to be reduced. 

Feeding. The fertile bird’s egg is a complete reproductive unit, containing 
all nutrients necessary for the development and hatching of its young. Every- 
thing contained in the egg except the sperm is deposited in the egg by the 
ben. The nutrients needed by the hen to produce a satisfactory hatching egg 
must, of course, be in the rations the hen consumes. Breeder mashes, espe- 
cially fortified with vitamins necessary for hatchability, should be fed the 
breeding flock (p. 277). 

It should be observed that an adequate and well-fortified ration is necessary 
for satisfactory hatchability because the vigor of the chicks and their early 
livability and performance depend upon the vitamins and other nutrients 
they have stored before hatching. 
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Selection of Hatching Eggs 

Certain physical characteristics of eggs are related to hatchability, and by 
eliminating eggs that have characters associated with poor hatchability, ^ t 
ing results can be improved. It Is also true that these characteristics are in er 
ited and may be bred into poultry by continued selection. The more common 
characters are size, shape, color, shell quality’, and interior quality. 

Size of egg. The size of the egg is related to hatchability (Fig- 5-5)* 
similar relationship exists in turkey eggs. Extremely large and very small eggs 
do not hatch well. It is fortunate that the best chicken eggs for market 
(23-28 ounces per dozen) also possess high hatchability. 

Shape of egg. Eggs that deviate considerably from normal do not b3ttn 
well. However, eggs that are only slightly off shape, ridged, or wrinkled, ap* 
pear to hatch as well as eggs shaped perfectly. Table 5-1 shows that eggs defi- 
nitely misshapen hatched only 33-8 per cent as compared to 71.1 per cent rK 
normal eggs. It should also be noted that the shape of an egg is inherited 
and can be established by breeding. 

Shell. The quality of the shell is related to hatchability. Eggs possessing 
strong shells hatch best while eggs with thin shells generally do not hatch 
well (Table 5-3). The kind of shell deposited on the egg depends upon 
breeding, nutrition, and weather. Some strains or families possess the ability 
to produce eggs with thick, strong shells whereas others lay eggs with thin, 
weak shells. The amount of calcium and vitamin D in the ration affects the 
shell. Eggs produced in hot weather have thinner shells than those produced 
when the weather is cold. Attempts to candle eggs for shell texture and to re- 
late such appearance may be misleading, because the mottled appearance of 
an egg before a candle might be interpreted as poor shell texture, when it is 
actually due to the moisture in the shelL 

Interior quality as observed by candling. Eggs that show poor market 
quality by candling do not hatch well. Table 5-1 shows that eggs with loose 
air cells hatched only 23.4 per cenr as compared to 71.7 per cent for normal 
e £E s - I* w *il a b° be noted that in this same experiment the percentage of 
eggs hatched containing large blood spots was 56.3 per cent or 15-4 per cent 
below the controls. 

There is also evidence that eggs which show high quality when candled 
before incubation, Le, show movement of yolks and well-centered position of 
the yolks, hatch 10 to 15 per cent more chicks than eggs showing a weak or 
lower quality condition. 


Care of Hatching Eggs 

The hatchability o! the best eggs an be destroyed after the eggs ate bit 
and before they are set by improper are during the holding period- The im 
portent conditions during this period are proper temperature/ handling, ho 
nudity, age of egg, and cleanliness of shell. 

Temperature. Hatching eggs *hich are held in too hot or cold an « 
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TEMPERATURE (T.) 


Fig, J-7. Effect of temperature of incubation on percentage of fertife eggs hatched— reiafiVe 
humidity 60 per cent, oxygen 21 per cent, carbon dioxide befow 0.5 per cent. (Baroff, 1937.) 

vironmenr may yield poor hatches, and in extreme cases the hatching power 
of the egg may be destroyed. The relationship of holding temperatures to the 
hatchability of chicken eggs is shown in Figure 5-6. The ideal temperature is 
50-55° F. Eggs held at zero (air temperature surrounding the egg at 0° F.) 
lose most of their hatching power within three or four hours. Therefore, it is 
most important that hatching eggs be protected in cold weather. 

Hot weather may be equally as harmful to hatchability as cold weather. 
When the temperature surrounding the eggs rises above 82° F., the embryos 
develop at a relatively rapid rate but this de\’elopment is not normal. Many 
of these embryos weaken and die before or after being placed in incubators 
for normal incubation. Work ar the Missouri Station proved that the hatch- 
ability of eggs held at 90° F. for seven days or longer was completely de- 
stroyed. (Fig. 5-6.) 

In many cases, a basement or cellar will provide satisfactory conditions for 
hatching eggs. Where many eggs are held, as in an egg station or in a hatch- 
ery, it will be advisable to install refrigeration to provide suitable tempera- 
ture conditions in hot weather. 

The importance of proper temperature for holding hatching eggs cannot 
be over-emphasized to the flock owner (Table 5-8). The commercial hatch- 
ery with supply flocks will do well to work with their flock owners on ihis 
problem. 

Handling. Hatching eggs should be cased small end down in new or 
sturdy cases, or flats and fillers and handled carefully. Eggs cased large end 
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Fig. 5-8. Effect of incubation temperature on the time of hatching chicken egg»- (Barott, 
1937.) 

down develop more tremulous air cells than eggs cased with pointed ends 
down. Eggs containing loose air cells hatch very poorly (Table 5-1)- Very 
few eggs are cracked by rough handling of the case. The more rigid tray packs 
give better protection to hatching eggs than the regular separate filler and fiat 
packs. 

Turning. If eggs are held longer than one week, hatching results will be 
improved by turning The most practical way to do this is to tilt the case 
shifting the position of the egg. Tests made at the Missouri Station indicated 
that if eggs were held for seven days or less, hatchability was slightly de- 
pressed if the eggs were turned. However, it was observed that eggs held for 
more than one week (8-13 days) hatched best if they were turned daily fro® 
the time of laying. 

Humidity. High humidity in a hatchery tends to prevent evaporation and 
an enlargement of the eggs air cell. This is important in maintaining the 
market grade of eggs Trials at the Missouri Station proved that high humid- 
ity increased hatchability slightly and improved the observed quality of the 
chicks. These benefits appeared greater during hot weather. The results indi- 
cated that high humidity is desirable but that much expense and effort is not 
justified to gain these benefits. 

Age of egg. The length of time an egg can be held without reducing its 
hatching power depends upon the temperature at which it is held (Table 
5-2). Ch.cken eggs held at 50° F. to 60° F. retain their hatchability for one 
week, but after that, they gradually decline to sterility in four weeks. There is 
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Table 5-4 


RELATIVE HUMIDITY AS DETERMINED BY DIFFERENCES IN WET BULB AND 
DRY BULB THERMOMETER READINGS 1 


Degrees F. Wet Bulb Is Below Dry Bulb Temperature 


(Degree* F.) 

l 1.8 

l 3.6 

54 

7.2 

90 

10.8 j 

12.6 

14.4 

95.0 

94 

87 

81 

75 

69 

64 

59 

54 

96.8 i 

94 

87 

81 

75 

70 

64 

59 

54 

9S.6 . 

94 

87 

1 82 

76 

70 

65 

60 

55 

100.4 

94 1 

88 

I 82 

76 

71 

66 

61 

56 

102.2 

94 

88 

1 82 

77 

71 

66 

61 

57 


1 Adapted from 22nd edition of Hodgman's Handbook of Chemistry and Physics, 1937. 


some evidence that eggs set on the day they were laid do nor hatch as well as 
eggs that are 1-4 days old. Hatching eggs should be delivered to the hatchery 
and set at least once each week for best results. 

Cleanliness of shell. Clean eggs hatch betrer rhan soiled eggs. Eggs 
which have a large part of their surface covered with broken egg material or 
any other substance that seals the shell will nor hatch. Such soilage closes the 
pores of the shell and interferes with the normal movement of air through 
the shell to the embryo. SoiJage is especially harmful if the air cell (large 
end) of the egg is covered. 

Soiled chicken or turkey hatching eggs are often quite valuable. Dry clean- 
ing may be attempted but this requires considerable labor. Soiled hatching 
eggs can be washed in warm water containing a disinfectant and the hatch- 
ability of such eggs is then restored to normal. However, if the organism that 
causes hatching eggs to explode is present, serious trouble may be experi- 
enced. 


Requirements for Incubation 

Four environmental conditions are necessary for successful incubarron: 
proper Temperature, adequate ventilation for respiration, sufficient humidity, 
and correct position of the eggs. For best results each of these conditions must 
be controlled and kept within definite limits. The sciences of physics and en- 
gineering have developed modern incubators which make possible intelligent 
control of the environment of the egg during incubation. 

The National Agricultural Research Center has investigated the tempera- 
ture requirements for eggs incubated in machines where the relative humidity 
was 60 per cent, the concentration of oxygen 21 per cent, the concentration 
of carbon dioxide less than 0.5 per cent, and air movement 12 cm. per min- 
ute. Under these conditions it was found that a temperature of 100° F. gave 
the best hatchability. That the temperature requirements are not the same 
throughout the incubation period is indicated by work reported by Cornell 
University in 1936, which showed that by lowering the temperature as much 
as 3° C, during the last few days of incubation, hatchability was increased 
and the quality of the chicks was improved. 
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Fig. 5-9. Effett of relative humidity during incubation on hatchability, oxygen 21 per cent ond 
carbon dioxide below 0J5 per cent. (Barott, 1937.) 


Both high and low temperatures result in abnormal development and re- 
duced hatchability. High temperatures at first accelerate but later retard the 
rate of growth and the CO; output, while low temperatures retard growth 
and reduce the output of CO;. Low temperatures cause an early mortality 
peak, while both high and low temperatures cause heavy mortality on the 
nineteenth and twentieth days of incubation. The total length of the incuba- 
tion period in a forced-draft incubator may be varied from nineteen to 
twenty-four days by incubating eggs at temperatures from 103.5° F. to 96° F. 
By incubating eggs in a "still-air" machine at 95° F., hatching may be delayed 
until the twenty-eighth day. Best hatches are produced, however, when the 
chicks hatch on the twenty-first day of incubation. In commercial hatchery 
operation it is desirable that all chicks be out of the incubators by the end of 
the twenty-first day so that settings may be made on a three-weeks’ schedule. 

It has been demonstrated by commercial harcherymen that cooling eggs is 
not essential for successful hatching when the incubators are properly venti- 
lated and operated at the correct temperature. 

The effect of prolonged cooling on the hatchability of eggs is of interest to 
the hatchery mdnstry because occasionally storms and aZds cause electric 
current tnretntpttons to the hatcher.es. The California Agricultural Erperr- 
a twelve-hour eleSic current iScr- 
ruption on hatching results where the toom temperature was approximately 
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70° F. This station repotted that such interruptions (twelve hours) on one 
day during the incubation period reduced the hatch 3-4 per cent and in- 
creased the number of unsalable chicks from 1.8 per cent to 3.4 per cent. 
These results show that electric current interruptions for several hours do not 
seriously affect hatching results. During current interruptions the tempera- 
ture in the top of the incubator may go too high. 

Humidity. While humidity in the incubator may vary considerably with- 
out reducing hatching results appreciably, there are definite limits and opti- 
mum humidity conditions (Fig. 5-9) . 

The important humidity factor in incubation is the relative humidity of 
the atmosphere surrounding the eggs. Relative humidity is expressed as the 
percentage of saturation of the air. A relative humidity reading of 60 per cent 
means that the air is carrying 60 per cent of the water vapor it is capable of 
holding at that temperature. The amount of moisture the air can carry varies 
with the temperature; 1000 cubic feet of air can carry 1.153 pounds of water 
vapor when the temperature is 70° F., and 2.855 pounds when the tempera- 
ture is 100° F. Air carrying 1.71 pounds of water vapor per 1000 cubic feet 
at 100° F. would have a relative humidity of 60 per cent. 

The gauge used for determining humidity conditions in the modern in- 
cubator is the wet bulb thermometer. The principle involved in estimating 
moisture conditions from the wet bulb reading is that when the atmosphere is 
dry evaporation from the wet bulb is increased, and therefore the bulb of the 
thermometer is cooled to a lower temperature than the dr)' bulb thermometer 
records. High wet bulb readings indicate high humidity in the incubator 
whereas low wet bulb readings indicate dry atmospheric conditions. The rela- 
tive humidity as indicated by certain differences between dr)’ bulb and wet 
bulb thermometer readings is given in Table 5-4. 

Hatchability of eggs is very definitely affected by moisture conditions. 

That there is a definite relationship between humidity and temperature 
is shown by the work of Towns! ey. He found that when large forced-drafr 
incubators were operated at 99° F- and wet bulb readings of 75* F., 85° F n 
and 90° F., the chicks hatched where the humidity was high (90° F. wet 
bulb reading) came out about twenty-four hours earlier than those hatched 
where the wet bulb reading was 85° F. The chicks hatched where the humid- 
ity was low (wet bulb reading of 75° F.) were twenty-four hours later in 
hatching than those in the machine where the wet bulb reading was 85° F. 
The chicks produced where the humidity was high and also where it was low 
were small and show’ed "stickiness." It was found that the length of the in- 
cubation period could be adjusted to twenty-one days by operating the incu- 
bators with the following dry bulb and wer bulb temperatures, respectively: 
98° F. and 90° F., 99° F. and 85° F., and 100° F. and 75° F. 

Humidity is an important factor in the control of pullorum disease during 
incubation. Relatively high humidity at hatching time minimizes the circula- 
tion of dowm in the incubator and thereby reduces the spread of pullorum. 
Fumigation of incubarors is more effective when humidity is high. 

Most experienced incubator operators tty to keep the wer bulb tempera- 
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ture about twelve to fourteen degrees below the dry bulb reading during the 
first eighteen days of incubation and only ten degrees lower than the dr)’ bulb 
temperature while the chicks are hatching. Reducing the humidity of the in- 
cubator or separate hatcher after the hatch is complete strengthens the chicks 
and improves their appearance when they are removed from the trap and 
placed in chick boxes. 

Ventilation. Since the chick embryo is an animal organism and therefore 
requires oxygen for its development, adequate ventilation is essential for 
successful incubation. A normal fertile hen's egg contains all of the materials 
necessary for embryonic development, except air. The embryo obtains the 
oxygen necessary for growth from the air which passes through the pores of 
the eggshell. Closing these pores causes suffocation of the embryo. 

Ventilation of incubators is essential for the removal of CO. produced by 
the developing embryos and for supplying fresh air containing a normal 
quantity of oxygen. Romanoff ( 1930) showed that when the carbon dioxide 
content of the air was 1.0 per cent or more and the oxygen was reduced ac- 
cordingly, the growth of the embryos was slow; and such abnormali- 
ties as crooked toes, deformed beaks, and malpositions were common and 
mortality was high. Meshew found that increasing the oxygen content of the 

rr 1 ; <5200107200 fee.) 

01 both chicken and turkey eggs. 

Position of the egg and turning. Best hatching tesults are obtained when 
Sm on reTor^' t! Tu* UpP T° St ' The M * somi Agricultural Experiment 
,n wv P u- da,il ° D *= of angle of turning eggs 

.0 hatching results which usrify the Mowing conclusions: (1) The 
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Fig. 5-10. Early incubator*. Lefts crow section of barrel type Chinese incubator. Right- 
upper: cross section of an ancient Egyptian incubator. Right— lower: drawing of an Egyptian 
hatchery. (From "The Baby Chick.'*) 


of turning eggs during incubation affects hatchability very greatly. (2) Turn* 
ing eggs 30° as compared to 20° increased the percentage of hatch from 
61.3 per cent to 69.6 per cent or 8.3 per cent. (3) In three series of experi- 
ments, turning eggs 45 0 as compared to 30° increased the percentage of 
hatch by 5.9 per cent. (4) Turning eggs 40° as compared to 30° increased 
the percentage of hatch of all eggs by 5.2 per cent and 3.6 per cent in two 
experiments. (5) In two series of rests with fresh eggs (1-7 days) turning 
eggs 45° as compared to 40° resulted in an increase of 0.5 per cent in one 
series and 9-2 per cent in the other series. (6) Increased turning improved 
the percentage of hatch of all eggs sec for eggs held one, two or three weeks. 

For normal embryonic development it is necessary to turn or rather shift 
the position of the egg during incubation, particularly during the first twelve 
days. Failure to do so results in mortality because the embryos stick to the 
shell membranes or the yolk adheres to the allantois. The hen turns the eggs 
under her by shifting her body and by using her beak to shift the position of 
the eggs. Observers have found that the broody hen may turn her eggs as 
often as ten times in two hours and at least every hour during the day and 
night. 

A number of investigations have contributed data which show that hatch- 
ability is increased by turning up to eight times daily. In commercial hatch- 
eries where forced-draft incubators are used, eggs are nor turned but merely 
shifted in position by tilting the eggs about their short axis. As long as eggs 
were incubated in incubators where hand turning was required, twice daily 
was considered sufficient turning; but with the invention of simple egg-turn- 
ing devices attention was centered upon the extra chicks which could be pro- 
duced by turning the eggs more frequently. 
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Natural Incubation 


With the eggs of some species natural methods of incubation r 
efficient. However, in the case of the chicken, duck, and turkey, ma P“ 
fected artificial methods of incubation which give results superior to 
obtained 'when natural incubation is used. 


Artificial Incubation 

The an of hatching chickens by artificial methods has been known by iwti 
for several thousand years but only within the last fifty years has this met 
been applied within the industry on a large scale. The economical commerc 
production of poultry and eggs is dependent upon artificial incubation 
cause the time of hatching can be controlled; the spread of diseases and para 
sites can be reduced; and the amount of labor required for incubation is re- 
duced. _ , , 

History’. To trace the history of artificial incubation, it is necessary to ce^ 
into the early history of the Chinese and Egyptian civilizations. This has been 
done by a number of writers. The Chinese developed the method as shown in 
Figure 5-10 in which they heated the eggs with a charcoal fire. The Chinese 
also used the hot-bed method (decomposition of manure) for heating incu- 
bators. The Egyptians constructed large incubators heated by fires built in the 
rooms where the eggs were incubated. These Egyptian hatcheries were con- 
. strutted of brick and had a capacity of 90,000 eggs. They were operated on a 
toll basis, two chicks for each three eggs set being returned to the flock owner* 
Reaumur in 1750 constructed an incubator and hatched chicks successfully by 
using fermenting horse manure as a source of heat. It is interesting to note 
that in southern Australia there is a bird, Leipoa ocellata, which incubates its 
eggs by preparing a nest of vegetable matter in the sand, which later provide 5 
by fermentation sufficient heat to incubate its eggs. In 1770 an Englishman, 
John Champion, hatched chicks by passing hot air through the room where 
the eggs were located. Bonneman, a French physician, in 1777 hatched chicks 
by heating a hatching oven with circulating hot water. The first American 
incubator, a hot water machine, was built in 1844. The first mammoth incu- 
bator in America was built by Charles A. Cyphers in 1895. It was a 20,000- 
egg duck incubator *of the room type. Dr. S B. Smith apparently built the 
first forced-draft incubator, which he patented in 1918 (Fig. 5-12). The P c " 
tersime Incubator Company introduced in 1923 the first all-electric incuba- 
tor. In recent years several new machines have been developed and all makes 
have been improved (Fig. 5—1 1 ) . 

Management of the Incubator 

Proper management of the incubator is essential for the production of 
chicks. Unless all the requirements for the developing chick embryo are satis- 
fied, poor hatches will result. 




BucWy* Incubator (B«cV*y« '^^torCompJny); o Smith 78.000^ g capacity incubator 

Urn: ssmir— *£*■• -* • 

(Bobbin* Incubator Compony). 





Fig 5-12 Evolution in modern incubators. Top left, small home incubator. (Courtesy 5 B, j’ ^ 
Incubator Company.) Top right, early sectional type incubators. (U. S. O. A.) Center, parb° 
view of hatchery equipped with cabinet type force d-d reft incubator for a million egg c<r 
paeity. (Courtesy Smith Incubator Company.) Bottom, mammoth sectional type incubatot*- 
(Ohio Poultry Improvement Association) 

Regulating the temperature. The temperature of an incubator must be 
controlled within very narrow limits. The instructions of the manufacturer 
should be followed, keeping in mind the temperature requirements previ- 
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ously discussed as factors influencing hatching results. AH incubators are 
equipped with temperature-regulating mechanisms which are sensitive ro 
temperature changes inside the incubator. In the electrically heated machines 
the thermostat makes and breaks the electric circuit and thereby the tempera- 
ture can usually be kept within very narrow limits. In incubators heated by 
other sources, a thermostat is used which regulates the amount of heat en- 
tering the compartments where the eggs are located. 

If, for some reason, the source of heat is cut off for several hours, little 
damage may be done. In case of such interruptions, the room temperature 
should be kept up and the heat inside the incubator conserved by closing the 
ventilators on the machine. Precautions should be taken to prevent the tem- 
perature in the top of the incubator from going too high. 

Turning the eggs. Turning during the early stages of incubation is neces- 
sary for normal embryonic development. Best hatching results are obtained 
when the eggs are turned at least eight times daily up to the eighteenth day. 
Mammoth incubators and some small machines are equipped with turning 
devices which reduce to a minimum the labor required for turning the eggs. 
Eggs should be turned gently so that the delicate chick embryos will not be 
injured. 

Ventilation. Proper ventilation is essential for incubation so that the em- 
bryos will be supplied with air containing an adequate amount of oxygen and 
less than 1 Yi per cent of carbon dioxide. The operator of an incubator should 
bear in mind that the incubator cannot be properly ventilated unless the room 
in which the machines are located contains fresh air. Therefore the room must 
be ventilated before any progress can be made in ventilating incubators lo- 
cated in such rooms. The oxygen requirements of chick embryos increase very 
rapidly as they develop and therefore ventilation must be increased during 
the later stages of incubation. 

Hatchery Management 

Although the Egyptians have used commercial hatcheries ( Egyptian ovens 
operated as public institutions on a toll basis for hatching chicks) for cen- 
turies, the development of the chick hatchery in America did nor occur until 
the twentieth century. 

In 1918 there were 250 chick hatcheries operating in the United States. By 
1943 there were 10,112 hatcheries with a total capacity of 504,640,000 eggs. 
In 1953 the number of hatcheries was reduced to 7,977 but the egg capacity 
increased to 600,000,000. By 1958, the number was furrher reduced to 4,939 
hatcheries in the United States (Fig. 5-14). However, 2.5 billion chicks were 
produced that year. The trend is toward fewer hatcheries and toward hatch- 
er)' chains. More chicks are being produced annually per unit of capacity. Re- 
cently some capacity has shifted to the newly developed broiler-producing 
areas. 

Location for a hatchery. The type of chick business (local, mail order, 
or wholesale) the hatchcryman expects to do will govern somewhat the loca- 
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Fig. 5-13. Baby chiclu ready to leave a separate hatcher. 

tion for the hatcher)-. The local hatchery which depends on selling practically 
all chicks at the hatcher)- must be located where there is a good demand for 
chicks and must be readily accessible to chick buyers who call for the chicks. 

The hatchery. The building which houses the hatchery should be built 
of substantial material and so constructed that it will withstand outside tem- 
perature fluctuations reasonably well. It should be kept in good repair, well 
painted, and present an attractive appearance. A well-drained concrete floor is 
conducive to cleanliness in the hatchery. The hatchery should be *ell ligh tetI 
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Fig. 5-14. Commercial hatcheriet in the United States 1934-1959. 


and properly ventilated. Good lighting improves the work of employees and 
makes a good impression on customers. A well-ventilated building makes 
possible proper incubator ventilation. Forced ventilation is necessary in larger 
hatcheries, particularly in warm weather, to remove stale air and excess hu- 
midity, and to reduce the temperature. The building should be so arranged 
and a schedule of work so planned that the hatchery will be clean when cus- 
tomers come in. Every commercial hatchery should have at least separate 
rooms for the office, incubators, and for started or display chicks. Usually it 
requires only a little material and a small amount of labor to provide these 
minimum facilities. Other desirable rooms are egg receiving and traying 
room, chick sorting and boxing room, room for chick boxes and other sup- 
plies, and a display room for equipment and feed. 

Battery brooders are used by most hatcheries for holding surplus chicks 
which accumulate because of weather conditions, order cancellations, or over- 
settings. 

The manager. The most important single factor making for success in 
the hatchery business is the manager. A good manager may build a profitable 
hatchery business even where the conditions are unfavorable, but a poor man- 
ager may ruin rhe best hatchery. The management problem is the chain hatch- 
cry operator's greatest worry. The most successful manager is one who knows 
the poultry business as well as the hatcher)* business, possesses a strong per- 
sonality, and has business ability. 
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Hatching egg supply. A supply of hatching eggs from healthy. mU- 
brcd flocks is essential to the continued operation of a lutchety. Fw toe 
men own enough birds to supply all the eggs requited by their hatchet.K 
therefore they must purchase eggs from co-operating flock °« ne «- 1 > 

communities good breeding flocks are not available and therefore it bee 
necessary to ship in part or all of the eggs required. The most satisfactory • 
rangement is to get eggs from flocks located nearby so that the eggs ca 
delivered to the hatchery by the flock owner. The number of birds requi 
to supply hatching eggs to a commercial hatchery is approximately one ten 
of the egg capacity of the hatchery. , 

The servicing of hatchery supply flocks is essential if reliable souf c, 
hatching eggs are to be maintained. Those hatcheries which hope to pr uce 
quality chicks must select good breeding flocks and know how they are man 
aged. The cost of competent servicing for flocks is more than paid for by e 
improved quality of the chicks. The hatcheries generally make a service 
charge to the flock owner for culling and blood testing. Too often this is e 
only servicing the flock receives. All flocks should be visited before the hat 
ing season begins and a careful check made as to the condition of the males 
and females in the flock and the feeding and management of the flock. 

Many hatcherymen prefer to have some of the flock servicing done by 
trained state inspectors. These inspectors have or develop a background whic 
is valuable in advising flock owners about their poultry problems. All states 
have poultry improvement programs with qualified field representatives who 
work with hatcherymen and hatchery flock owners. Agreements between the 
hatcherymen and flock owners are desirable so that each party may understand 
his responsibilities. Many hatcherymen have oral agreements with their flock 
owners which both parties respect. 

The premium paid for hatching eggs varies with the quality of stock, the 
locality, the competition, the hatchability of the eggs, and the value of other 
services rendered. Most hatcheries pay a straight premium but some hatchery- 
men grade their flocks and pay a premium based on the quality of the flock, 
while others base the premium on the hatchability of the eggs. 

The hatcheryman should make the flock owner a definite part of his hatch- 
ery organization. He should assist the flock owners with their poultry prob- 
lems and make the flock owners feel that they have a definite responsibility 
to the hatchery. Flock owners should be boosters in their neighborhoods for 
the hatchery. 

Hatchery sanitation. Cleanliness and sanitation in the hatchery are es- 
sential for continued success in putting out chicks which live and do not 
spread disease. Unfortunately, some hatcheries spread poultry diseases such 
as puUorum and bronchitis through their chicks and thereby create a bad 
reputation for hatchery chicks. Frequently chicks infected with bronchitis 
are shipped in the same car with other chicks or mined with healthy chicks 
in the brooders, thus spreading this disease to chicks which were free of tW s 
trouble. It is to the interest of each hatchery that all hatcheries produce chicks 
free from such diseases as bronchitis. 
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Pullomm is the most common chick disease which may be spread through 

a«^32s££3S== 
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incubator. To be most eftec . , 8 ^ ^ h ; hest lcvcls me d in incu- 

temperamre and humidity of the [he wM g ulb the rmometer should 
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Calculate the exact number of «b« w ^ ^ , 00 

Use 35 cc. of fresh formahn a 756^ ^ ^ (umigatC(i Make ,he first fumi- 
“Le°' K^r cent 

Twelve Hours 

af,^T V :i1utiga" a third fumigation and again soon iheieafier 

remove the chicks. , ho ws abouI 70 p- r cent relative humidity 
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_ • .nd control of infectious bronchitis has during recent years 
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Fig. 5-15 Sorting ond boxing chick* for shipment. Note the storage racks on the left on< ^ 
openings in the chick boxes for ventilation. 

other chicks moved from the incubator room, and all equipment used lot 
brooding chicks thoroughly cleaned and disinfected, and the building fufl»* 
gated with formaldehyde gas, using two and one-half times the amount rec- 
ommended for incubator fumigation. The walls and floors should be ^ 
thoroughly to increase the humidity of the room and the temperature should 
be raised to 90° F. to make the gas more effective. The room should be 
closed tightly for twenty minutes following fumigation. Fans should be op- 
erated in the room to distribute the gas during fumigation and to eliminate it 
after twenty minutes of fumigation. It has been observed that an outbreak ot 
this disease spreads quite generally in a territory. Hatcherymen located in 
such a territory should exercise extreme caution in preventing an outbreak to 
their plants Preventive vaccination (p. 336) may also be used. 

Hatchery waste. Infertile eggs, dead embryos, cull chicks, cockerel 
chicks, and egg shells from hatched chicks, constitute valuable animal 
food material. The material is frequently given to hog raisers for hauling 
it away from the hatchery. The larger hatcheries sometimes find it pf°^' 
i table to sell the infertile eggs and dead embryos for pet foods. Or, the 
entire material may be cooked, dried, ground, and sold as chicken tankage. As 
such, it is more suitable for use in laying rations than for other purposes, be- 
cause of its high shell (calcium carbonate) content. 

Hatching season. The hatching season varies with the geographical lo- 
cation and weather conditions. In the United States most chicks are sold dur- 
ing March, April, and May. Most hatcheries make their first settings in Janu- 
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ary or February and bring off their , 
last hatches in June. Severely cold 
weather may delay the opening of 
the chick season and an early drought 
may abruptly end the season. Some } 
hatcheries operate throughout most j 
of the year and a considerable niun- . 
her now operate during the fall j 
months to supply the chicks de- , 
manded for winter broiler produc- - 


tion. , 

Surplus chicks. The modern 
hatchery is prepared to handle some . 
surplus chicks. Floods and snow and 
ice storms frequently cause the de- . 
mand for chicks to be postponed , 
and the hatcheryman who had antic- 
ipated the demand on the basis ol 
normal weather conditions finds that 
more chicks hatch than can be sold. 

By carrying these chicks in battery ; 

brooders Sntil favorable weather , 

prevails, they can be moved through , 
the regular chick sales without , 
dumping them on auctions or selling . 
them at reduced prices. I 

Surplus chicks are the gtearest 
menace to the maintenance of chick 
prices. If surpluses occur ear y in the 
season, they may demoralize the 
price structure for most of the sea 

50 Surplus chicks are sometimes sold 
at auctions for much less than the 
cost of production. The d.sposal o 
surplus chicks leads to unethical 

'trg'chick, Th= -ed cluck 
business has developed rapidly since 

it was introduced on the es 
in 1934. Today nearly all commercial 
egg production stock is- 
th? time of hatching (Fig- 5- S 
and 17). The cost is u!ira "> 
as much compared to unsescd ch'cU 
with a charge of 0.5 to 1 ■ Pe 



Fig. 5-16. Chick ie*ing. Diogrom* of the 
everted ctooeo* of chick* showing the dif- 
ferent structure* observed in male chiekt 
(left! end feme'* chick* (right). Note the 
great variation in the appearance of both 
the male* ond femote*. 
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chick. For instance, if a hatchery is selling chicks at hatching time fot 17 
cents, it will usually charge 35 cents per chick for the sexed 
Leghorn cockerels ate not worth growing for broilers because of their s 
size and feed requirements per pound of gain. They are usually 1 
discarded with the hatchery refuse. _ . . 

Chicks are sexed by two principal methods: (1) Examination of the 

„ . 1 . ‘ . 1 . . r U.r Jnciomfin 


cal wall (Fig. 5-16), and (2) examination for testes or ovary by ‘^mon 


of a small light into the cloaca (Fig. 5-17). Both procedures -require c 
erable skill and training. Chick sexing is highly accurate when done by p^P e 
trained for the work. They are capable of sexing 500 to 1,000 chicks per our. 

Custom hatching. Small community hatcheries formerly obtained con- 
siderable income for hatching eggs for farmers in the community. The charge 
was generally $2.00 per 100 eggs set. The larger hatcheries are not interest 
in custom hatching today. Most of them are in the National Poultry Improve- 
ment Plan (p. 106). The stock from which all hatching eggs are set must 
have been tested for pullorum disease. Owners of small flocks often neglect to 
take this precaution when hatching eggs. 

Culling chicks. It is just as important to cull chicks as to select laying 
stock (Fig. 5-15). All weak and crippled chicks should be destroyed. They 
mar the appearance of the group and often succumb to the attacks of disease 
and thereby spread infection to healthy chicks. It is also important that on- 
colored” chicks be removed from the group, particularly if the chicks arc to 
be sold. Chick customers are quite critical of chicks that show impurity’ of 
breeding, often judging the entire group by one or two "off-colored” chicks. 
The Standard of Perfection contains color descriptions of the different varie- 
ties of chicks. The producer of baby chicks should be familiar with these de- 
scriptions. Complaints may be reduced by acquainting customers with the 
proper color markings of the chicks they purchase as chick customers ar e 
often misinformed as to the correct color of baby chicks. 

Delivering chicks. Small local hatcheries deliver most of the chicks they 
sell directly to the buyer at the hatchery. The hatcheryman is therefore re- 
lieved of the costs of transportation and the hazards of shipping. Some hatch- 
eries are now making local deliveries by truck to the poultryman. As competi- 
tion increases, this practice will likely become more common. 

Chicks are shipped by express and parcel post. During the spring months 
losses are negligible but in hot weather losses may run quite high. Hatcheries 
make a practice of guaranteeing 100 per cent live delivery. 

The ventilation of the boxes is quite important. It should be kept in mind 
that m cold weather the chicks are kept warm in the boxes by their body heat. 
In cold weather very few holes should be punched in the boxes, but in hot 
weather the boxes should be well ventilated. Some hatcheries replace most 
of the top of the box with screen wire when ♦v.e -aiffl- 


: top of the box with screen wire when shipping chicks during the sum- 
mer months. r ® ° 


The standard containers for delivering chicks are cardboard boxes in sin* 
, U ,'” b , C J. Qr ?, 5 :,?V nd 100 chlcks ' ’ n,e scm<i ard chick box for 100 chicks is 

xib X5V4 . For hot weather shipments larger boxes (24"xl8"x6") 



are used. Special chick box supply houses provide the hatcheries with their 
Shi BSes U s F £ods. Financial success inthe batdterp^ess, asm, all 
business enterprises, Such records should not only 

show “financial transactions but should also show the inquiry. 

ZZ™, XL fnd "Teco'rYof Etching eggs purchased. 

See chapter t "' el '? d ^’ r ^ ^ chidts is the hatcheryman's sales 

probfem mre are three common methtxls of selling chicks:Jocal sa.es_at 
the hatchery, mail orders direct to customers, 
method is the least satisfactory and most destrua.se 

, , „ rnnr ~ rt between the producer and customer, an arrange 

method prevents contact **"“? ' J. Loca l chick sales are most satisfac- 

"i'lTii, .».■ '■.wsssse 

■ as « r • 

Advertising. in themselves and also stimulate repeat orders. 

** % 
chicks produced m previom scaK..uc b This form of advertising should be 
next year but also influences others to Buy. i nis iu..i 6 

carefully guarded by every producer of chicks. 





fig. 5-18. A teene in the exhibit orea of an American Poultry and Hatchery Federation- 
federation meets annually with thousands of hatcherymen and members of allied industries 
attendance. 

A neatly kept plant is another inexpensive but very effective method of 
advertising. Visitors are interested in cleanliness around the hatchery. E veI T 
visitor is a prospective customer and should be considered as such. _ 
Attractive advertising signs and buildings are good advertising particular y 
for the local demand. Well-painted and* well-kept buildings should he 
considered a pan of the advertising program of every hatchery. Advertise- 
ments in the local newspaper stimulate local demand and should be used as 
a means of reaching this outlet. Often news stories of local interest about the 
hatchery or its products serve as splendid advertising. Advertising on a state* 
wide or nation-wide scale should be conducted by an advertising specialist 
whose services are available to the hatcheryman through various advertising 
agencies. Catalop and other advertising material should be prepared by ad- 
vertising specialists. 

Shipping hatching eggs. Some states have developed important hatching 
egg outlets because of their favorable climatic conditions and location in the 
United States. Hatching eggs are shipped by express (Fig. 5-19) and by 
truck. Eggs intended for the use of hatcheries should be carefully graded for 
size, and eggs weighing less than twenty-three ounces per dozen should never 
be sold to hatcherymen without a very definite understanding about the si# 
of the eggs Extra long or large eggs which are likely to be broken in transit 
should not be shipped as hatching eggs. Hatching eggs should also be graded 
for shape and color Eggs from varieties which lay u hire-shelled eggs should 
be chalk uhite and reasonably free from tints For best results the eggs should 
not be over one week old. They should be packed with the small end do** 1 
in new cases, with fiats and fillers Eg£s shipped with the small end up do n« 


pig. 5-19. Shipping hatching egg* by air. 

Intel, well Tlie use of new flats and fillets will ptevent damage to the eggs, 
hatch ^ ell. ine us , j _ - t each end but not m the middle, with 

The case tops should benadeddo & “ h ^ jhou|d „ rr) . a label sh ow- 

lout-penny cement-coated egg-ca th ^ shippcr , and the fact that the eggs 

mg the name of the buyer, the nam co . opc „ ting with the Na- 

ate hatching eggs. If t e eggs being shipped to another hatchery 

tional Poultry Implement hbt , indicating the 

Lic - on '° r of ihc cw? 
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there should be a slip showing the number of dozens and the breed and vari- 
ety of chickens which produced the eggs. 
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Chapter 6 


Brooding and Rearing 

A profitable poultry enterprise depends upon a successful brooding 
and rearing program. Such a program includes control of the chicks envi 
ronment, proper housing and management, and the control of diseases an 
parasites. 


Environmental Conditions in Brooding 

There are certain environmental conditions which must be controlled 
when brooding chicks. These are temperature, ventilation, humidity, samta 
tion, and space. 

Temperature. There are optimum temperatures for chicks of different 
ages. Temperatures too high or too low will slow down the growth rate an 
may cause death (Fig. 6-1). The most satisfactory arrangement is a tempera- 
ture range of 90-95° F. down to 60° F. allowing the day-old chicks a choi<* 
of the most comfortable temperature. Young chicks must have some source of 
heat for the first few weeks of their lives, the amount and time varying with 
environmental temperature conditions. Experiments at the Beltsville Agri- 
cultural Research Center proved that maximum growth and feed efficiency 
was obtained when the temperature was started at 94° F. on the first day and 
reduced uniformly to 80° F. on the 18th day. Thus, the common recommenda- 
tion of starting the brooder at 95° F. (2 inches above the litter at the edge of 
hover) and gradually reducing the temperature about five degrees each wee ^ 
is well founded. The most important thing to consider in brooding is to keep 
the chicks comfortable and to avoid extremes in temperature. 

If the body temperature of the chick reaches 117° F., it will die. The Cali- 
fornia Station has reported that chicks held in sealed, summer-size, fib fe 
board boxes in a room kept at 100° F. suffered losses of 20 to 50 per cent. 
Leghorn chicks suffered less than New Hampshire chicks. 

Chilling. Heavy losses may result when chicks become chilled. Chicks 
infected with pullorum suffer more from chilling than chicks free of this dis- 
ease Chilling may affect the lungs and result in paralysis of the breathing 
mechanism Chicks that are chilled tend to crowd and pile which may cause 
heavy tosses. Diarrhea may be caused by chilling and growth may be retard® 1 
The Maryland Star, ou reported experiments in which they found that chid* 
' ?? “P”" 1 for 30 t0 40 at 10° F. died from such exp°- 

<18 ~ 20 da y s > 0W after 70-S0 minutes of such exposing 
The lethal body temperature for day-old chicks was found to be 60° F. ^ 
it increased progressively to 72” F. as the chicken reached maturity. 
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Fig. 6-1. This graph shows the influence of temperature on growth gain of poultry. 


Ventilation. Fresh air is essential to the developing chick, and ventilation 
is necessary to keep the house reasonably dry. Carbon monoxide may be 
formed by defective combustion of such fuels as gas, oil, and coal. If this gas 
accumulates to a concentration of 0.01 per cent, slow poisoning may occur. A 
laboratory examination of the blood is necessary' to determine carbon monox- 
ide poisoning. 

If sufficient ventilation is used to keep the litter reasonably dry and to elim- 
inate foul odors, the chicks will have an adequate supply of fresh air and they 
will not suffer ill effects from harmful gases. Ammonia fumes from built-up 
litter and droppings may become obnoxious in tightly closed brooder houses. 
Such fumes irritate the chicks’ eyes. 

Moisture. Too much or too little moisture in the brooder house may cause 
trouble. If the litter or walls and ceiling become wet, there is too much mois- 
ture in the brooder house and efforts should be made to reduce it. Wet litter 
may lead to an outbreak of coccidiosis or other diseases* The litter must be 
kept reasonably dry. By increasing ventilation, the condition of the litter can 
be improved and kept dry’. If moisture condenses on the ceiling and walls 
until it drips, better insulation and ventilation is needed. 

A brooder house may be too dry for chicks. A fairly humid environment 
(50 to 60% R-H) is conducive to good feathering, A very dry atmosphere 
will cause poor feathering. 
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Floor space. For best results in brooding, the chicks should have plenty 
of floor space. A good rule to follow is to allow Vl square foot of floor space 
per chick, and to increase the space by Vz square foot per chicken each tout 
weeks until the pullets are ready for the laying house. There, they should 
have 1 to 3 square feet of floor space per bird. Broilers require A t0 • 
square foot of floor space to market age. 

Management in Brooding 

Proper brooding management is essential to raising healthy pullets or 
broilers. 

Litter. Several days before the chicks are placed in the brooder house, i 
should be thoroughly cleaned and disinfected (unless chicks are to 
brooded on old litter) . Fresh, clean litter should be added to 2 or 3 inches m 
depth. Shavings, sawdust, crushed corn cobs, peat moss, sugar cane pulp, or 
other absorptive materials may be used as litter. 

The question of old versus fresh litter remains debatable. Many poultry 
managers favor old litter because it saves labor. However, it may become in- 
fested with worms (particularly in the South), coccidia (if the litter becomes 
wet) and other organisms. Old litter does contain some nutritional factors 
such as B 12 , riboflavin, and possibly other factors not found in fresh litter. 

, Whenever fresh litter is used, it must be clean, dry, and free of mold and 
dust. The mold, aspergilliosis fumigatus, which is sometimes found in litter 
or feed, may cause heavy losses from what is commonly called brooder pneu- 
monia. 

Young chicks and poults sometimes die from crop impaction resulting 
from eating litter. To prevent this hazard, the litter may be covered with 
newspapers, to be tom up by chicks and mixed with the litter. In fact, news- 
papers serve to attract the chicks to the hover at night because chicks tend to 
gather on them. If the chicks ate not too hungry when they are placed in rhe 
brooder and feed is kept before them, they will not eat litter. Feed and water 
should be ready for the chicks when they are placed in the brooder. A go^ 
way to start chicks eating is to place feed on egg cup-flats, newspapers, chick 
box lids turned upside down and covered with paper, or cut down chick boxes- 

Comparison of litters. The Delaware Station compared several litters 
used for brooding broilers and their conclusions were: 

1. Litters of organic origin were found to be superior to litters of inorganic 
origin for use in broiler production 

2. Litters of inorganic origin, or mineral litter, increase dustiness in broils 
pens, which in turn increases the severity of respiratory diseases. 

3. Based upon broiler production factors and observations, the twelve litters 
studied may be ranked for superiority in the following order: pea" ut 
shells, ground corn cobs, peat moss, sugar cane fiber, sawdust, shavings, 
cottonseed hulls, corn stalks, dryzone, sand, chick bed and Georgia min- 
eral litter. 

4. The best litter for broiler production is one that is of organic origin. 
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dry, fine in texture, light in weight, relatively free of dust, low fire haz- 
ard, and relatively low in price. 

Feeding. One of the major problems in raising young stock or broilers is 
ro get the most efBdcat gains or feed utilization. The rations used and rhe 
rate of growth of the stock are the most important factors affecting feed con- 
version. The method of feeding employed and the feeder (human element) 
are also very important. 

Self feeders are generally employed for replacement stock, especially on 
the range. They save labor in feeding, and if kept filled, provide feed at all 
times. 

For the most profitable returns, hand feeding will give better gains and 
better feed conversion than self feeders. Therefore, most managers who raise 
broilers have abandoned self feeders and renewed hand feeding in troughs 
(Fig. 6-2). The more efficient managers continue to work through the house 
adding fresh feed or srirring the mash in the troughs. Such feeding encour- 
ages feed consumption. 

The use of mechanical feeders in large scale broiler enterprises has been 
generally adopted in recent years (Fig. 6-4). Due to mechanical difficulties 
and for other reasons, some growers have abandoned mechanical feeders. If 
properly used, mechanical feeders give results equal ro hand feeding. How- 
ever, it should be noted that mechanical feeding is only another method of 
feeding and close supervision is required. Such feeders cannot entirely re- 
place the manager, who is the key to success in either mechanical or hand 
feeding. 

Within recent years, bulk feeding has been developed (Fig. 6-5). Large 
trucks equipped with conveyors to handle several tons of feed, move the bulk 
feeds directly from the feed mill to the feed bins of the grower to which me- 
chanical feeders may be connected. Bulk feeding is adapted only to rela- 
tively large scale operations. 

Four, 3-foot trough-type feeders will provide sufficient feeding space for 
100 growing pullets. 

Water, Fresh water is necessary at all times for satisfactory growth and 
efficient utilization of feed. It is frequently neglected if only a few chicks are 
brooded. Broiler raisers realize the importance of fresh water and provide ei- 
ther running water or water under pressure with automatic controls to provide 
a constant supply of fresh water ( Fig. 6-3 ) . 

One of the drudgeries in raising a small flock on general farms, was the 
car tying of water. But with the widespread use of electric pumps and pres- 
sure systems to supply water needs, water is being piped ro brooder houses 
and to the range where pullets are raised. If electricity is not available, or if 
the range is too far from the water supply to make a water line practical, bar- 
rel ty-pe waterers with a float may be used to provide water with a minimum 
of labor ( Fig. 6-6 ) . 

Quarr jar water founts are suitable for starting chicks and 3 to 5 gallon 
glass or metal water fountains arc useful during the brooding period when 
the chicks need heat. A 3 to 5 gallon waterer will care for 100 chicks. Later on 
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Floor space. For best results in brooding, the chicks should have plenty 
of floor space. A good rule to follow is to allow 1/2 square foot of floor space 
per chick, and to increase the space by Vi square foot per chicken each four 
•weeks until the pullets are ready for the laying house. There, th<j- sho 
have 1 to 3 square feet of floor space per bird. Broilers require A to iv 
square foot of floor space to market age. 

Management in Brooding 

Proper brooding management is essential to raising healthy pullets or 
broilers. 

Litter. Several days before the chicks are placed in the brooder house, 1 
should be thoroughly cleaned and disinfected (unless chicks are to 
brooded on old litter). Fresh, clean litter should be added to 2 or 3 inches in 
depth. Shavings, sawdust, crushed corn cobs, peat moss, sugar cane pulp, or 
other absorptive materials may be used as litter. 

The question of old versus fresh litter remains debatable. Many poulny 
managers favor old litter because it saves labor. However, it may become in- 
fested with worms (particularly in the South), coccidia (if the litter becomes 
wet) and other organisms. Old litter does contain some nutritional factors 
such as Bi 2 , riboflavin, and possibly other factors not found in fresh litter. 

, Whenever fresh litter is used, it must be clean, dry, and free of mold ana 
dust. The mold, aspergilliosis fumigatus, which is sometimes found in U ncf 
or feed, may cause heavy losses from what is commonly called brooder pneu- 
monia. 

Young chicks and poults sometimes die from crop impaction resulting 
from eating litter. To prevent this hazard, the liner may be covered with 
newspapers, to be torn up by chicks and mixed with the litter. In fact, news- 
papers serve to attract the chicks to the hover at night because chicks tend to 
gather on them. If the chicks are not too hungry when they are placed in the 
brooder and feed is kept before them, they will not eat litter. Feed and water 
should be ready for the chicks when they are placed in the brooder. A goa* 
way to start chicks eating is to place feed on egg cup-flats, newspapers, chick 
box lids turned upside down and covered with paper, or cut down chick bores- 
Comparison of liners. The Delaware Station compared several litters 
used for brooding broilers and their conclusions were: 

1. Litters of organic origin were found to be superior to litters of inorganic 
origin for use in broiler production. 

2. litters of inorganic origin, or mineral litter, increase dustiness in broiler 
pens, which in turn increases the severity of respiratory diseases. 

3. Based upon broiler production factors and observations, the twelve Utters 
studied may be ranked for superiority in the following order: pea^ 
shells, ground corn cobs, peat moss, sugar cane fiber, sawdust, shavings, 
cottonseed hulls, corn stalks, dryzone, sand, chick bed and Georgia ou®' 
eral litter. 

4. The best liner for broiler production is one that is of organic or iff*** 
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dry, fine in texture, light in weight, relatively free of dust, low file haz- 
ard, and relatively low in price. 

Feeding. One of the major problems in raising young stock or broilers is 
to get the most efficient gains or feed utilization. The rations used and .he 
rate of growth of the stock ate the most important factors affecting feed con- 
version. The method of feeding employed and the feeder (human element) 

“selffcST' ^“generally employed for replacement stock, especially on 
the range. They save labor in feeding, and if kept filled, ptov.de feed at aU 

‘“or the most profitable returns, hand feeding will give better gains and 
better feed conversion than self feeders. Therefore^ most t managers who im.se 
broilers have abandoned self feeders and renewed hand feeding in troughs 
(Fig 6-2) . The mote efficient managers continue to work through the house 
addfng fresh feed or stirring the mash in the troughs. Such feeding encou - 

3£ ?h f et C e 0 of mScal feeders in large scale broiler enterprises has been 
generally adopted in recent years (Fig. <M). Due to mechanics difficult,* 
and for other reasons, some growers have abandoned mechanical feeders^ 
properly used, mechanical feeders give results equal to hand feedmg. How 
ever it should be noted that mechanical feeding is only another method of 
feeding and close supervision is requited. Such feeders cannot entirely e- 
place die manager, who is the key to success ,n either mechanical or hand 

fC< Whhin recent yeats, bulk feeding has been developed (Fig. &-5)_ 
tracks equipped with conveyors to handle several tons of feed, move the bulk 
fSds dhT from the feed mill to the feed bins of the grower ,0 which me- 
conical feeders may be connected. Bulk feeding is adapted only to tela- 

feeders will provide sufficient feeding space for 

10 w'“e''r. n Fres U hwater is necessary at all times for satisfactory growth and 
efficient utilization of feed. It is frequently neglected if only a few- chicfa are 
brewed Broiler raisers realize the importance of fresh water and provide ei- 
therranning water or water under pressure with automatic controls ,0 provide 

“ C oTof die^drudgeries'in' raisffig a small fiock on general farms, was die 
carrying of water But 

and rTthTninse w£e pu'te ere raised. If electric^ no, available or if 
the range is to5 far from the water supply to make a w aier line practical, bar- 
re' w-aterers with a float may be used to provide w-aier with a minimum 

Quart 'ja't^vaicr founts are suitable for starting chicksand 3 to 5 gallon 
or ’ , w ater fountains are useful during the brooding period when 

j * e chicks need heat. A 3 to 5 gallon wa.erer will care for 100 chicks. Later on 



Fiq 6-2. The use of equipment which keeps the birds out of the feed and wafer will reduce 
contamination by droppings, and therefore lessen the spread of bacterid and parasitic dis- 
eases. Upper, 2, 3. 5, and 6 in left holf and 1 on right holf, drinking vessels for small chick» 
3 and 4 m right half, drinking vessels for pullets. 1 and 4, left half, feed hoppers for chick*? 
2 right half, feed hopper for mature birds Lower, 1 to 4. mash hoppers for small chicks; 5 “> 
7, mash hopper, for pullets. Right, sanitary hopper for mature birds. 





bulk btn. 
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range, a barrel waterer with 
a float valve will supply 
water for 150 to 200 pullets. 

Heating Systems 
and Methods 
There are several sources 
of heat and different meth- 
ods of heating brooder 
houses that produce satisfac- 
tory results. Individual 
brooder stoves and central 
heating systems are both 
used. 

Central heating systems 
cost more per chick to in- 
stall but they are less expensive (per chick) to operate. They require less 
labor to operate and are less fire hazardous than individual stoves. 

Individual pen brooders. These are adapted to either small or large 
operations (Fig. 6-10). They cost less to install than the central heating sys- 
tems, but they cost more per chick to operate. They require more attention 
and labor than the central systems. 

Coal stoves. Coal stoves have been used for a longer time than other type 
brooders. They are still usld by farmers and broiler raisers, but in recent years 
their use in new brooder houses has declined. They have an advantage in pro- 
viding sufficient heat to keep the house warm and dry in cold weather, but 
they require more attention and labor than some of the orher brooder units 
which accounts for their decline in popularity. 

Coal stoves are provided with thermostats that control the draft and tem- 
perature. These thermostats should be checked in sufficient time before the 
stove is to be used so that defective parts can be detected before the stove is 
started. The smoke pipe should have a metal guard surrounding the opening 
in the roof through which the pipe passes, to prevent setting the roof on fire. 
To insure sufficient draft, the pipe should extend about three feet above the 
roof. A metal cap over the end of the pipe will help prevent back drafts and 
rain from running into the pipe. The pipe should also be equipped with a 
draft damper. 

Chestnut-sized anthracite coal is best for coal stoves, but it is nor always 
available. Briquets of soft coal are commonly used and are satisfactory if the 
pipe is kept reasonably clean of soot. Some experience in operating coal 
stoves ts helpful. The beginner will do well to light such stoves several days 
before the chicks are to be started, to Icam how to operate them at a uniform 
temperature. 

Wood-burning brooders. A few years ago wood burning brooders be- 
came popular in areas where wood was readily available, but they have lost 
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popularity because o! the labor involved in providing 

of them require close attention to maintain a satisfactory temperature, bone 
brooders a7e equipped with reliable thermostats vvhich arc effeet« m m* 
raining the desired temperature. When green wood is used, tar may clog the 


^Oil-burning brooders. These brooders require less labor to operate than 
coal or wood burning stoves. With thermostatic control, they mamnm a 
uniform temperature and provide ample heat to keep the house warm 
dr)-; but the fuel-oil cost of operating them is relatively high, and there 
greater fire hazard than with other types of brooders. 

Gas-burning brooders. Within recent years, gas-burning brooders M 
become quite common because natural gas is being piped throughout t 
country and bottle gas is widely distributed in rural areas. One stove or many 
may be operated from one gas tank. Different sized bottle gas tanks ate 
available for small or large installations. These brooders maintain uniform 
temperatures and require a minimum of labor to operate. They ate usually 
connected to the gas line with a rubber hose and are suspended from the cei • 
ing with a rope and pulley attachment so that they can be adjusted to any 
height or raised up and out of the way for cleaning or doing other work. 

Disadvantages are: (1) do not provide enough heat to keep the ^ 
room warm in cold weather in the central and northern parts of the United 
States and, (2) cause moisture to condense in the house during winter. 

Electric brooders. With increased use of electricity in rural areas, electric 
brooders have come into general use. They maintain uniform tempera 0116 
under the hover and require little attention. However, they do not heat the 
room, and in cold weather, wet litter is more troublesome than with coal or 


oil stoves. They are also dependent on a constant electric current. 

Infra-red brooding. This is a relatively new method for brooding chicks 
and it may find a place in poultry raising. Infra-red lamps are suspended (18 
to 27 inches) above the floor liner (Fig. 6-10). These lamps do not hear the 
air, but they warm the chicks as do the direct rays of the sun. The comfort of 
the chicks is the guide to be followed in infra-red brooding and not the 
thermometer. A single 250 watt infra-red bulb will provide for 60-10° 
chicks. Multiple units are available or may be constructed with several bulbs 
per panel. Thermostatic controls are desirable on these multiple unit installa- 
tions to save electricity. 


The advantages of infra-red brooding are: (1) low initial cost, (2) mb* 1 ' 
mum of labor, (3) easy to install and operate, and (4) all chicks can be seen 
at any time. Some of the disadvantages are: (1) insufficient heat in cold 
weather, (2) problem of power interruption, and (3) high cost of opera' 
tion. Work reported by the Delaware Station showed that infra-red brooding 
resulted in a marked increase in barebacks. 

Unit space heaters. Heating units similar to those used in heating g 3 ' 
rages, factories, etc. (Fig. 6-12) are being used in some brooding operations. 
Fans drive air through a radiator heated with steam or hot water and circulate 
the hot air through the brooder room. The air currents are directed in such a 
manner as to keep the chicks comfortable and spread out over the floor. 




' ~ ... ■: 
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Central Heating Systems 


_ ■ i „j„„irm has created a demand for brooding systems to ban- 
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insure even heating. The oil-fired furnaces cost less to install but with current 
prices of oil, they are more expensive to operate than coal-fired furnaces. 

Hot water heat. This type of brooding system has given satisfaction in 
large scale operations for many years. Hot water pipes (1V4") spaced to 
inches apart and about 14" above the floor are used for circulating the hot wa- 
ter (170 to 190° F.) (Fig. 6-12). Circulators (pumps) are used to circulate 
the water. A thermostat controls the circulators and an aquastat regulates the 
fire controlling the temperature of the water. The hot water system of brood- 
ing holds heat well and maintains a uniform supply of heat. Installation costs 
are high but fuel cost per chick is very low. 

Radiant hot water systems. Hot water pipes above the floor are very 
much in the way when cleaning and catching chickens. Some operators have 
built houses with the hot water pipes buried in the concrete floor. This has 
been called radiant heating. This is an expensive system to install because 
it requires a concrete floor (not generally used now) and a central hot water 
heating system. These costs may be as great as the other costs of the house. 
Radiant heating has lost its appeal since it has not fulfilled all claims made by 
its advocates. 

Central hot air heat. The system used may be either direct or indirect. 
In the direct hot-air system the air is heated by a hot air furnace and distrib- 
uted through a central duct to the chicks; pipes lead off from the central duct 
at 15 foot intervals to about 15-18 inches from the floor (no hover is used). 

Another type of direct hot air heating circulates the hot air through a cen- 
tral duct (12 inch pipe) beneath a hover. Holes in the top of the pipe per- 
mit the hot air to escape and be deflected down to the chicks by the hover. 

An indirect warm-air heating system has been built by some large sale 
(20,000 to 40,000 broilers) operators. Steam is piped from a furnace to the 
center of the pen where a heat exchanger is located. Fresh air is heated by a 
fin-type steam radiator. The hot air is then blown through a central duct and 
distributed as described above for the direct hot-air system. 


Battery Brooding 

After vitamin D was discovered and incorporated in poultry rations it W3S 
possible to raise chickens in complete confinement away from direct sunlight. 
These developments made possible the brooding of chicks in battery brooders 

(Fig. 6-7). 6 3 

Types of battery brooders. There are two general types of battery 
brooders: (1) the unheated brooders made for use in warm rooms, and 
(2) those equipped with heating units and warm compartments for use in 
rooms held at 60 to 70° F. Most batteries in use today for young chicks ha«e 
heating units which are heated by electricity and each compartment is 
equipped with a thermostat for regulating the temperature. 

The use of battery brooders. Battery brooders may be used to start 
chmks for Bock replacements, for broiler production, for started chick sales, 
fot holding surplus chicks, or for chick feeding experiments, ere. For best re- 
sults, their use m starting chicks for pullets to replace flocks is limited to the 



_ l.r. u fM d, r (Courleiy Simpl«K Breodor Stovo Company.) 
?»■ n, C t: r b~ ^ C.L,. cool b,ood„. (Ohio E...OO.O 

W.“j kotm. -ood brood... (Co,..., Sb.n.odooh MoooloCn., Cocpon,.) 

first threc or four week, of the chicks life. Broilers may be grown in battety 

f , ' i "ii. a dressed on or nearby the premises. 

brtwders lf . lhc >, ” C . w id ely used ro brood 5-week-oId started pullets. 

Ditr^nd“«cLwe t^ss rates have since almost eliminated the 
stoned chick business. 




An Evaluation of Brooding Systems 

The Delaware Station reported the results of studies made of types of 
brooding for the production of broilers (Table 6-1). 

Table 6~1 


COMPARATIVE COSTS OF INSTALLING AND OPERATING DIFFERENT 
BROODINC SYSTEMS 1 


Syl(cm 






per Chick 

Chick Started 

Central 



Hot water (coal-fired) . . ...... 

20-25 

06 

Hot water (oil-fired) 



Direct hot air (oil-fired) 



Indirect warm air (coal-fired) . ... 



Infrared . 

Individual stoves 

18-20 

2.7 

0.1 

Coal 

Gas 

Electric 

7 

8 

9-11 

10 

2.3 

1.9 

1.6 

1.5 


Fron Deb wirt Agr. Eip. Su. BoL SO, November 1950. 
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"The central hoc air system of 
brooding broilers gave results com- 
parable to the results with individ- 
ual coal burning brooders. Obser- 
vations would indicate that the 
effectiveness of the hoc air system 
would be greatly enhanced if in- 
stalled in a well-insulated broiler 
house. 

"OH burning brooders produced 
higher average final broiler weight 
in two trials than did individual 
coal stoves. When the results of the 
two trials are combined, mortality 
was slightly lower in the oil brooded 
broilers than in the coal brooded 
pens. The value of the increased 
weight of poultry produced indi- 
cates that oil burning brooders are 
slightly more efficient than individ- 
ual coal burning brooders. Oil burning brooders have the added advantage 
that they should require less labor to operate. 

'The use of infra-red bulbs in brooding broilers resulted in an increase in 
the number of poorly feathered birds and an increase in the fuel costs, as com- 
pared with individual coal burning brooder stoves. There was little difference 
between the two systems of brooding in broiler mortality, average final 
weighr, and feed required per pound of broiler sold. 

"A relative evaluation of the brooding systems studied, based upon broiler 
production results, fuel costs, and general observations would seem to justify 
the following order: (1) Central hot air, (2) oil stoves, (3) individual coal 
stoves, (4) gas stoves, and (5) infra-red bulbs.” 

The Delaware Station compared gas, oil, central hot air, infra-red, and coal 
brooders. From their experiments they concluded: 

”. . . gas-heated brooders gave production results equal to individual coal- 
heated brooders, but the cost of gas fuel was greater by 26.8 per cent . . . 

Brooder Houses 

The kind of brooder house to use depends upon the climate and the type 
of poultry enterprise. The housing requirements in the northern states for 
winter brooding are quite different from those of the south. The kind of 
brooder house needed by a general farmer keeping a laying flock of 200 to 
300 hens is very different from that of a commercial broiler enterprise with 
several thousand broilers (Fig. 6-7). 

Two types of brooder houses arc generally used for brooding chicks for 



Fig. 6-10. brooding with infra-red heat 
lampi. Note the guard to keep the chicks 
near the (amps the first few days. 
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flock replacements — the colony house and the large, permanent brooder 
house. Each has a place in the poultry industry; however, the trend is to per- 
manent houses. 

Movable colony houses, 10' x 12', built of wood and erected on skids, 
are used by farmers who raise only a few hundred chicks. These houses may 
be moved near the residence for starting the chicks and brooding them as 
long as they need heat. The house and the chicks can then be moved to dean 
range. Some who raise poultry, use a range shelter as a sun porch to the 
brooder house and then move only the range shelter and the pullets to range 

(Fig. 6-9). 

Large-scale egg production enterprises are turning to large, permanent 
brooder houses equipped with either a central heating system or individual 
stoves. The pullets are usually moved to range and placed in range shelters 
after they no longer need heat. Many commercial producers of broilers and 
pullets are raising them in complete confinement without range. 

Permanent brooder houses are built 20 feet wide or wider (Fig. 6-4 
and 7 ) . In some areas, small pen units with wire floors are used. These per- 
manent brooder houses generally have a concrete foundation which gives 
permanence to the building and keeps out rats, etc. Many pole-type houses 
are also being built. Until recently, concrete floors were often installed, but 
with the general use of built-up litter, broiler raisers have turned to dirt or 
gravel floors since the houses are seldom cleaned. A concrete floor ( thin sec- 
tion type) is practical if the brooder house is to be cleaned and disinfected 
between broods or annually. The roof used on most brooder houses con- 
structed within recent years, is generally of the gable type with ridge ventila- 
tion (Fig. 7-26). In most parts of the United States (except the south and 
Pacific coast), it is worth the expense to insulate the roof or ceiling of the 
brooder house if it is to be used for brooding during winter. 


Development of the Broiler Industry 

The phenomenal growth of commercial broiler production in the United 
States in recent years illustrates the revolutionary change in American agri- 
culture. The industry is relatively new, having developed mainly since World 
War II (Fig. 6-13). It had its beginning primarily in New England states 
and along the eastern seaboard near the larger consuming areas. Earlier, at- 
tempts to commercialize poultry meat production had failed because of in- 
adequate rations and ineffective disease control; bur with the discover)’ of 
vitamins required by poultry, the control of disease by vaccination, and the 
use of drugs, the broiler industry became commercial. 

The industry shifted from New England to Dcl-Mar-Va and then to the 
South, because as competition increased and prices declined, areas having 
lower costs of production were in a position to expand production. The South 
had lower labor costs because labor did not have the alternative industrial 
opportunities that were available in the older broiler areas. Housing costs and 
the cost of brooding were also less in the South. 
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Fig. 6-13. Growth of broiler production in the United State*. 

If the labor advantage the South now enjoys should disappear, the broiler 
industry of the future might shift and be located near the consuming areas 
where feed is also produced. This is not likely to occur until present plants 
and equipment become obsolete. 

As the population shifts, the consuming areas change. The large metropoli- 
tan areas are the principal markets for all agricultural products. 

Breeds, strains or crosses to raise. The broiler raiser needs a fast gt° w ' 
ing, rapid- feathering bird which makes economical gains and dresses out as 
a quality bird that satisfies the consumer. There have been many shifts to 
better birds, and those breeders and hatcherymen who have failed to make 
the changes necessary to satisfy the raisers, have been forced out of business 
Purebred Barred Rocks, R. I. Reds, New Hampshires, White Wyandottes, 
and White Rocks were once the best stocks for broiler production, but in *«' 
cent years special meat strains of female White Rocks and New Hampshires 
have been developed to mate with Cornish males. There has also been a shift 
to broilers with white or light colored feathers. 

Fortunately, the industry may expect the breeders to continue their search 
for improved meat strains, and some that are popular today will be replaced 
by superior stocks later. The perfect bird or cross has not been found as yet- 

Broiler tests. Random sample broiler tests have been established in a 
number of states for the purpose of comparing different strains and crosses 
for characteristics or qualities considered important in broiler production- 
£n example of the information supplied by one of these tests is given in Ta- 

Housing. Broilers were once raised on range or in semiconfinement, but 
in recent years they have been grown in complete confinement. As a result. 
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Table 6-2 


OVER-ALL AVERAGE PERFORMANCE OF ALL STOCKS 
ENTERED IN THE ARKANSAS TEST MATING MEAT 
PERFORMANCE BROILER TEST. SPRING 1958 2 





80.4 


97,6 


2.10 


3.31 





Uniformity 

Males & females, avg. wt 

Cockerels, N. Y. dressed wt 

Cockerels, N. Y. dressed wt. % 

Cockerels, eviscerated wt 

Cockerels, eviscerated wt. % 

Cockerels, avg. keel length (in.) 

Cockerels, avg. breast angle . . ... 

Cockerels, fleshing — AA . . ■ 

Cockerels, fleshing — A .... 

Cockerels, fleshing — B . 

Cockerels, fleshing — C . . 

90.89 

2.99 

2.98 

88.96 

2.37 

70.87 

3.29 

84 

22.0 

73.3 

4.7 

0.0 


* Th« coctcrfl* n ere »Uo grided for Bnnh and feathering. 


Production Methods 

the houses have been enlarged and made more permanent. Most modern 
broiler houses are pole-type, one-story, gable roof with ridge ventilation, 
rather wide (30 feet or more), and large enough for 5,000 to 10,000 broilers 
or more (Fig. 6-7 and 12). Each broiler should be allowed 54 to 1.0 square 
foot of floor space. 

Feeding. Broiler rations are discussed in Chapter 8. Most raisers are 
equipped to handle bulk feed which is delivered by trucks built especially to 
handle bulk feed and convey it into the bins (Fig. 6-5). The feed is then 
moved by gravity (Fig. 6-14) or conveyor ro mechanical feeders (Fig. 6 - 4 ) 
which carries the feed to the birds. Those who hand feed their broilers prop- 
erly can get slightly better growth and more efficient gains but mechanical 
feeders continue to gain in favor because they save labor. 

The amount of feed required to produce a pound of broiler meat has con- 
tinually declined as rations have been improved and the breeders have pro- 
duced more efficient meat producing strains. Table 6-3 indicates the progress 
made in increasing the efficiency of broiler meat production. 

Labor. The development of larger and more efficient houses and the use 
of mechanical feeders, automatic waterers, and other mechanical devices has 
reduced the labor required to produce broilers. While at one time 2,500 birds 
may have been considered a one-man unit of production, the number of 
broilers one man can grow at one time increased to 5,000, 10,000, 20,000 and 
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Table 6-3 

INCREASED GROWTH AND IMPROVED FEED EFFICIENCY 
IX BROILERS 3 


Year 

Breed or Cro»* 

Age In 
Week. 

Av & W l 

Lit. Feed 

per Lb. 
Broiler 


White Rocks 
(Both sexes) 
White Rocks 
(Both sexes) 
Crosses in Ark. 
Test 

12 

12 

g 

2.38 

3.66 
males 3.31 

females 2.66 

3.81 

3.10 

2.10 





* 193* and 1951 dm from Bechtel. General Mitts. 


30,000 or more. Thus the man hours required to produce broilers is nerx 
about Yio of what ir was 40 years ago. 


Management 


The management followed in the broiler plant may mean the diffeien 
between success and failure. Some men have the ability to judge the con • 
tion of birds and their needs better than others. They can sense trouble beior 
others know anything is wrong. 

Litrer. The kind of litter and its management are important in getting 
maximum results. This will be discussed in Chapter 12. 

The question of built-up Utter depends somewhat on climatic conditions 
Generally, built-up litter saves labor and gives satisfactory results. By huih-uf 
litter, we refer to litter that has been used for six months or longer. Su 
litter has developed a roicroflora that has beneficial effects. , 

"When built-up litter is used, only the caked and surplus Jitter is removed 
between broods and a layer of fresh liner is placed in the area where the 
chicks will be confined for the first week cr two. , 

If the litter becomes heavily infested with worms it should be changed 
Disease control. Keeping the fiock healthy is the most important manage- 
ment problem for the grower. In recent years, the development of contr° 
measures for several diseases has made this job somewhat easier, but the de- 
mands for a disease-fiee broiler at market time have increased the need fo< 
better and more complete control of diseases that affect the market qualiq 
of broilers. See vaccination program (Table 9-8) . 


Marketing 

The more general problems of marketing poultry are discussed in Chap 
ter 11. Some of the problems related to marketing broilers will be discuss^ 
below. 

Slaughtering and dressing. The methods used in killing and dressihf 
btoilets are discussed in Chapter U. Modern equipment and improved me* 
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Fig. 6-14. Bulk bin discharge! feed into 
automatic feeder. 


o As have greatly reduced the labor l A 

required in dressing broilers as well M ; jj'f®'" j| f 

whole birdsf halves, cut-up, parts, I/k .--XH", 5 t\ 

in chicken dinners, barbecued, etc. 1 • - \P" \ 

The consumer continues to demand !“5jbs; liTC- 'dijj «3l 
food products which are ready-to- r £i MM jS >'-} 

serve. He is no longer interested ggf fl f Jg* 11 [ ~ 

in purchasing a live broiler or a -a? ' HE.' • 

New York dressed bird. They must ,fa ifLXf 1^1 K 

be ready-to-cook or already cooked. W|l A . .i'/T,* j I • 

The broiler industry, as well as all > jfj I; j , 

food industries, must satisfy the de- U JjX — l -J. ! V s . 

mind of the consumer. 1 a " ir ^ Li 

Ice-packed or frozen. Broilers c “„~ lT * 0T o»»tic to«lt»y huh eo.. «•* m- 
or fryers are offered to the con- l*«. *.c. 

sumer either ice-packed or frozen, s-u. e.lk bin di,chc, 0 .. f«d i"t° 

and of the two, ice-packed birds are ovi.™>tic 

dte popular choice h whiIe the fr02en bir ds are regarded as 

considers ice-pac ■ P discoloration associated with frozen 

storage or held ^ ^ultry. Ako, ^ h3ndiappcd their s3 ,es appeal. 

poultry, especially 5 E production of broilers has become 

Consumption of broiler^meat. ^ ^ ^ consump[ion of bloil . 

rather unifottn gh ) the summer months and low during the 

;7d td w nA many yeafs, the failure to adjust production to con- 
late tall ana wint ■ ' during the fall and winter months. 

^‘n i-Lh Bmilet SunS has developed an excellent program for 
The National B. , c tes but tbe producers must realize there 

raZh^Ihe q”an,i* oVbroiler mea’t that will be consumed at prices that 

return a profit „ tim a,ed that more than 90 per cent of the broilers 

v. Tinned States ate grown under some kind of contract or inte- 
rn, std m the Umted Stata h3Ichcr) . mcn , 3n d olheIS hav e learned 

grated set-up Fred ' P s ion „f broiler production in their territory, they 

fX P Zm finmee " he expansion and assume some of the risk. One 
had to find a waj thechicks, finance the entire operation, proc- 

cssth^broilers! and pay^t'hc producer for raisin^the broilers. There are many 
modifications and degrees of integrated operations. 

Capon Production 

, exceedingly old, dating back to the pre-Christian 

The an of cap® 1 S &k> 3nd y., rro st3tcd jn tbc i r book /toman Farm 

thaL-.hc altered males are called capons." Reaumur in his book 
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Tj be Art of Hatching and Bringing up Domestic Fouls, etc., published in 
AJ>. 1750, mentioned the fact that capons can be trained to care for young 

The caponized male as it develops takes on some of the characters of the 
female. The comb and wattles do not develop, and capons are less active than 

cockerels. # . . . 

The objectives of caponizing. The principal objective of caponizing is 
improve the quality' of the meat produced. This is the same objective the 
farmer has in castrating male calves or pigs. The improvement in the quali^ 
of the meat insures a better price for capons than for cockerels which have In- 
come staggy. There is also a slight weight advantage for capons as compared 
to cockerels when the birds are seven or eight months old, when they are tmi* 
ally sold. Contrary’ to public opinion, capons will become tough-mcated after 
they are more than one year old. 

Breeds to caponize. Since capons are raised for meat, it is evident that 
only those breeds should be caponized which are efficient producers of high- 
quality’ meat. 

Time to caponize. The size of the cockerel is the most important con- 
sideration in deciding when to caponize. Cockerels weighing from one an 
one-half to two pounds are the most satisfactory size on which to operate. 
The operation is more successful when performed on young birds. Chick* 
hatched in May can be caponized in July and be ready for the market in De- 
cember. June-hatched chicks can be finished as January’ or February capons- 
Feed and water should be withheld from the cockerels twelve to eighteen 
hours before the operation is performed. 

The operation. The most satisfactory way to learn to caponize chickens 
is to get instruction and experience by working with an experienced operator. 
A brief description of the operation will be given here for the benefit of those 
who desire to learn something about the operation before attempting to do 
the work. Birds weighing one and one-half to two pounds are about the cor- 
rect size for caponizing. The bird can be held in place on a barrel head or 
table by weights attached to the legs and wings. 

The operation is simple and almost anyone can do the work after he ha* 
had some experience. When the incision is to be made, the skin and muscles 
beneath the skin should be drawn toward the hip and the incision made be- 
tween the last two ribs. The operator should avoid cutting any large blood 
vessels in the skin. The incision should be about three-fourths inch in length- 
Figure 6-15 shows the incision which has been made, the spreaders * 
place which hold the ribs apart, and the forceps being used to remove one of 
the testicles. The danger m the operation lies in rupturing the blood vessel* 
winch are located near the gonads. Birds which die soon after the operation 
should be dressed and used. 

Before gaining entrance to the body cavity it is necessary to use a shatp 
pointed hooked-probe to tear the membranes which line the body cavity- If 
the incision is made at the correct location the testicles can be located easily 
attached to the back at the forward end of the kidney. The size of the 
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Fig. 6-15. Coponuing. 

J ■« „:,h the sexual maturity of rite bird, but in birds weighing one 
antTone-halT pounds they will be only slightly larger than a grain of wheat. 
Thrv ,re usually yellowish in color but may be grayish or black. 

The experienced operator can remove both testicles through one opening 
The C *P C -,:ii have best results by making an incision on each side of 
th U e w"ixe of rim opening should be as fmal. as is convenient for the 

°p^or’s w»k. fcm0 vcd the spreader should be closed and removed 

r k n 1 1{ ”n the ribs The skin and the muscles underlying it will find their 
^hionTnTf^". bandage over the incision between the ribs. 
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The Art of Hatching and Bringing up Domestic Fouls, etc., published m 
ad. 1750, mentioned the fact that capons can be trained to care lor young 

The caponized male as it develops takes on some of the characters of the 
female. The comb and wattles do not develop, and capons arc less active than 


coocereis. . . . . 

The objecti\ es of capon i zing. The principal objective of ca pom zmg is to 
improve the quality of the meat produced. This is the same objective the 
farmer has in castrating male calves or pigs. The improvement in the quality 
of the meat insures a better price for capons than for cockerels which have be- 
come staggy. There is also a slight weight advantage for capons as compared 
to cockerels when the birds are seven or eight months old, when the)’ are usu- 
ally sold. Contrary to public opinion, capons will become tough-meated after 
they are more than one ) ear old. 

Breeds to caponize. Since capons are raised for meat, it is evident that 
only those breeds should be caponized which are efficient producers of high- 
quality meat. 

Time to caponize. The size of the cockerel is the most important con- 
sideration in deciding when to caponize. Cockerels weighing from one ana 
one-half to two pounds are the most satisfactory size on which to operate. 
The operation is more successful when performed on young birds. Out** 
hatched in May can be caponized in July and be ready for the market in De- 
cember. June-hatched chicks can be finished as January or February capons- 
Feed and water should be withheld from the cockerels twelve to eighteen 
hours before the operation is performed. 

The operation. The most satisfactory way to learn to caponize chickens 
is to get instruction and experience by working with an experienced operator. 
A brief description of the operation will be given here for the benefit of those 
who desire to learn something about the operation before attempting to do 
the work. Birds weighing one and one-half to two pounds are about the cor- 
rect size for caponizing. The bird can be held in place on a barrel head or 
table by weights attached to the legs and wings. 

The operation is simple and almost anyone can do the work after he has 
had some experience. When the incision is to be made, the skin and muscles 
beneath the skin should be drawn toward the hip and the incision made be- 
tween the last two ribs. The operator should avoid cutting any large blood 
vessels in the skin. The incision should be about three-fourths inch in length- 
Figure 6-15 shows the incision which has been made, the spreaders in 
place which hold the ribs apart, and the forceps being used to remove one of 
the testicles. The danger in the operation lies in rupturing the blood vessels 
which are located near the gonads. Birds which die soon after the operation 
should be dressed and used. 

Before gaming entrance to the body cavity it is necessary to me a sbv? 
pointed hooked-probe to tear the membranes which line the body cavity- “ 
the incision is made at the correct location the testicles can be located easily 
—attached to the back at the forward end of the kidney. The size of d* 
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Fig. 6-15. Coponizing. 
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Slios If any part of the testicle is left inside the body cavity the bird is 
not completely castrated. As it develops, instead of becoming » ; 
shows the characters of the cockerel and is known as a slip. Sometimes 
male characters do no. appear until jus. before the birds arc 
their development depending upon the amount of testicular m 
the body cavity. Slips usually command a price between that of the po 

’"careoCthe birds after the operation. Soon after the operation the birds 


should be placed in a house without roosts where they have access to the same 
ration they have been receiving. They should be kept under these conditions 


i receiving. 


for a week to ten days. 

'mg recently m»«i ---- 

occurrence need not cause any alarm or indicate faulty technique. Win 


Wind puffs are quite common among recently caponized bifds.jind their 


5 of the abdominal cavity which 


are caused by air escaping from the air sacs of — — . ' , . . 

were punctured by the operation; the air passing through the * 1 , 

was made between the ribs collects under the skin which has healed. The on y 
remedy is to puncture these puffs with a sharp knife each day until they ceas 
forming, which will usually be within two weeks after the operation. 

Growth and feed consumption. Table 6-4 shows the relative size 


Table 6-4 


COMPARISON OF GROWTH OF PUREBRED AND CROSSBRED CAPONS A. 
COCKERELS. AVERACE WEIGHT IN GRAMS (454 GRAMS *= 1 LB.) 

AT TWENTY-FOUR WEEKS OF AGE 4 


Stxaiks 

193 S 


1936 


Caroxs 

CocKtastt 

Carons 


No 

Wt. 

No 

Wt. 

No. 

Wt. 

No. 

Wt. 

Barred Rocks 

41 

2S35 

43 

2839 

31 

2739 

34 

2572 

Rock x Reds 

41 

2938 

39 

2851 





S. C. R. I. Reds.... 

... 





2504 

14 

2536 

Red x Rocks 






2612 

14 


New Hampshire* . . 





29 

3092 

27 

291? 

N.H.x Rocks . .. 





12 

2632 

12 

2662 


4 Annin and Halpin. 


cockerels and capons at twenty-four weeks of age. At this time there is l>« le 
difference in the size of cockerels and capons. 

Feeding and management. The feeding and management of capons H 
not unlike that of other growing stock. They should receive a good growing 
mash and grain in hoppers. They should be raised on clean range where there 
is growing green feed and plenty of shade during the summer, and otherwise 
receive treatment similar to that given growing pullets. 

Chemical caponizing. This process is accomplished by the implantation 
of the hormone diethylstilbestrol under the skin of the neck near the heac 
or by feeding the estrogenic substance dienestroldiacetate. Injections may & 
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* , r or liquid. Both substances ate female hormones 

bir<b”t tXTaAeted” WnS the hormone^ genemlly 

tX"t 

‘=r«Srt£=s!Si'ess 

which should be noted by poultry in • nrnhlem The birds may 

increased and excessively we ‘ ^°PP ln g d th wr t0 be less resistant to 

tread each other more than normally, ) PP 

disease and to heat sueeestion of the U. S. Department of 

In 1959, the industry agrred at the! WSE ffi[ o( diethylstilbestrol 

^ h | m “rfuntn1h“n ,0 of ‘tolerance of this hormone residue .as 
is usually a good marber for ^ "e g^ f^erle.t 

.he highest prices genera^ prevail ,arge number of 

capons as live birds to dealers, fciU 3nd dress f or special 


capons may sell^tcf dealemina large city marber or bill and dress for special 
outlets. 


Growing Replacement Pullets 

The value of a pullet as a layer or breeder depends upon her breeding and 

a how well she was grown o{ ^ from pre<hrors on thc rangc 

Confinement versus ni gc. abandoned the range and have 

ad savings in labor, many poultrymen have aoanu 6 



Fig. 6-17. Debealing process. 


established confinement rearing of pullets. Data available indicate that pub 
lets grown on range give somewhat better results as layers than those grown 
in confinement, but the difference is not enough to offset the extra labor re 
quired and the risks involved with predators on the range (Table 6-5)- 
Floor space. More housing space is required for raising pullets in confine* 
ment than on range While one square foot or less of floor space is sufficient 
in range shelters for growing pullets, at least twice as much space must be 
allowed for pullets raised in confinement. 



Table 6-5 

vs RANGE FOR GROWING REPLACEMENT PULLETS. 
CONFINEMENT 'S.^RAN RESULTS . MISSOURI 


No. birds 6.7 7.1 

losses 8-22 wU.fpcr cent) J g 4 .0 

Avg. wt. at 22 wks - j 77 173 

Avg. age at sexual maturity 5 (jj 5 03 

Body wt. at 44 wks. . 26 2 260 

Avg. egg »t. (M»rj|AP •> • ( t) (09 501 

Egg production « 14 a 15.0 

Adult mortality (per cast) ^ 

v -u I-™ Pullets crown in confinement will have more feather pick- 
Cannibalism. Pune g on rangc . As soon « these troubles 

* and rZn Thou d be deblked (Fig. 6-17 and IS) 

ppear, the pu"" s sho “ ate3 s, on range from predators have been 
Predator control. I „ crs have gone to confinement raising. Predators 

a heavy that F°“'7 "^hawksfowls. dogs, eats, skunks, weasels, and 
;ivmg most crouDie * * ***■ 


180 


POULTRY: SCIENCE AND PRACTICE 

Rats may cause heavy losses among chicks before they go to range. Every 
poultry farm needs an effective rat control program which includes destruc- 
tion of their hiding places and the use of poisons such as warfarin. 

Foxes probably cause more losses on range than any other animal, iney 
can be trapped or hunted. An electric fence surrounding the birds on rangers 
quite effective. The wire should be about 10 to 12 inches above 
Weeds, grass or other materials that may short circuit this fence must be ept 
away from the wire. 

Hawks and owls can be trapped or hunted. 

Dogs and cats present a problem because they usually belong to some 
neighbor who should be held responsible for any losses caused by his pets. 

Skunks, weasels, and raccoon will kill poultry and about the only conuo 
for them is trapping. 


Range Management 

The management program followed on range is important in growing out 
healthy pullets. 

Moving to range. Pullets can be moved to range when they no longer 
need heat (usually from 6 to 10 weeks of age) during the spring and siun' 
mer months. They should be confined to the shelters for one or two days be- 
fore they are allowed outside (Fig. 6-9). If moved to shelters in col 
weather, the birds should be protected by enclosing two or three sides of the 
shelter until they become acclimated to their new environment. 

Feeding. This subject is discussed more fully in Chapter 8. The advan- 
tages and disadvantages of restricted feeding and full feeding are also dis- 
cussed in the chapter on feeding. 

While the pullets are confined to the shelters, the feeders and waterers 
must be placed inside the shelters. This equipment should be located near 
the entrance to the shelter for a few days, and then the feeders moved nearer 
the automatic waterer. 

Range feeders are usually built of wood on 2" x 4" supports so that they 
are easily filled or moved ( Fig. 6-6). As bulk feeding has become more pop 
ular, larger feeders are being used. Bulk feeding is being used especially for 
turkeys 

Waterers. Running water on range saves much labor and should be used 
if practical to do so. A pipe laid in a plow furrow or even on top of the 
ground can be used to supply water to most poultry ranges. If the use of run- 
ning water is impractical, barrel waterers with a float valve attached are possi- 
bly the next best equipment to use (Fig 6-6) . 

Green feed. If poultry is raised on range, every effort should be made to 
provide growing green feed. The legumes such as ladino, alfalfa, or red clover 
are preferred, but blue grass or orchard grass mixed with the clovers mak« 
good range. 

Disease control. Healthy pullets are necessary for profitable layers; there- 
fore the diseases and parasites that infect or infest poultry must be prevented 
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or kept under control. Clean range on which no chickens have been kept or 
poultry manure thrown for two or more years, will prov.de suitable range 

f °For°detail 5 of a vaccination program and other disease control measures 

SC HoXg 9 the pullets. The pullets should be moved from range ,o their 
permanent*' houses when they L ready to lay. Some id pearly = g 
Mllets may have laid a few eggs. The pullets should be handled carefully 
wdth prrautions taken to prevent smothering while catdung or moving 
them. Thecubs should be sent to market. Debeaking « »“-“t 
conditions If the birds are to be vaccinated near this age (16-22 weeks), 
“ou d be'done when the birds are moved. Care should be taken to insure 
hat pullets take to the roosts in their laying quarters and do not pile up and 
fmotC men only a few hundred pullets are ^raised dieymay be caught 
and moved at night with a minimum of disturbance to the buds. 
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Chapter 7 


Housing Principles 
and Practices 


POULTRY .S HOUSED for comfort, protection, efficient production, and for 

the convenience of the poultryman. , . . , 

The chicken, as a wild jungle fowl, sought safety and rest on the high 
limb of a tree or in the thick underbrush. The jungle served as protect, on 
against the hot sunlight. The bird tucked its head under its wing and drew tts 
feet up under its body and was weU protected aga.nst cold by tts cover, ng of 

'“chickens reproduce best in the spring when the weather is neither too hot 
not too cold. In order to secure better growth and egg product, on during other 
seasons of the year, it is desirable to ptov.de spring-like housing conditions. 

Location of Poultry Home 

I nl-nnlmr a noulttv house, one should provide space for expansion in 
length* of Thif presenthouse .«./« location' for additional buildings. The 
tendenq- in poultry production is toward total confinement, less range, and 

'T4 fl don S of the house should be on ground high enough to provide good 
drawee and protection against the danger of floods. The house should be 
drainage J deliver)- of feed and removal of litter. It 

:h“olX"niU- for ?are of the flock. Several daily trips 

are necessary for gathering eggs and care of the birds 

Poulny house! should generally face south or southeast to receive the 
greatest amount of sunshine during the w.nter, however, this is recommended 
onk if tee Windows are used. If the arrangement would give an awkward 
and unattractive appearance or if the prevailing winds would blow against the 
front of the house, it should be faced differently. 

Housing Requirements 

A Poultry house should be designed so that it may be easily adapted for 
, , ’ r „ r : n „ or laying flock. There is a tendenq to start chicks in a 

the btotxhng “here until sold as layers. Moving the birds requires 
mon! labor andf creates stress in the flock, Stine poultry-men find it desirable 



Fig. 7-1. Solor house. 


to move the brooding and rearing equipment. Houses must be kept in use 
most of the time to reduce the housing overhead costs. Brooding and rearing 
facilities must also be kept in me with succeeding broods or used part of the 
time for laying stock. . 

Birds must be comfortably housed in order to produce well. They need 
adequate room in the house, a moderate temperature, sufficient air space an 
ventilation to prevent "stuffiness" in the house, dry living quarters, and light- 
Floor space. The floor space that should be provided per bird will depen 
on such factors as type of floor, size of bird, temperature, and ventilation- 
Overcrowded birds do not grow or lay normally and their feed conversion lS 
poor. Crowded conditions came birds to develop faults such as picking, 
feather eating, and cannibalism. 

Batteries (Fig. 6-7), tier arrangement of cages (Fig. 7-29), tier perches, 
overdropping pits (Fig. 7-1), and slatted or wire floors (Table 7-9). P er ' 
mit housing a greater number of buds in a given floor space. However, the 
additional cost of equipment and labor may not be justified because of its 
questionable economic value. 

Floor space requirements for growing poultry have been studied by a 
number of investigators. It is customary to start chicks in a given location 
and provide enough space to meet their requirements until they are mar- 
keted at eight to ten weeks of age. The data indicates (Table 7-1), *** 
broilers do better if floor space provided is up to one square foot per bird- 
Chicks may be started with as little as six to ten square inches of space per 
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Table 7-1 

INFLUENCE OF FLOOR SPACE PER BROILER ON GROWTH 1 


Observation 

Floor Space per Broiler 

Summer Test (75 Days) I 

Fall Test (70 Days) 

0.75 sq.ft. ] 

1.0 sq. ft. 1 

0.75 sq. ft. 

1.0 sq. ft. 

Pounds of feed per pound of gain 

Receipts per sq. ft. of floor space 

2.37 

7.7 

2.92 ! 

$0.99 

2.44 

8.2 

2.93 

0.78 

2.57 

2.9 

2.81 

0.94 

2.75 

2.5 

3.05 
0.75 


» Oklahoma Agr\ Exp. Sta. Bui. R-402. 


bird. Then, during the first five or six weeks, the space is increased about t n 
inches per week. Thereafter, 20 square inches per week are added for each 
broiler or replacement pullet until each has 144 square mches of space Ta- 
ble 7-2) Some poultrymen provide the additional space as it is required 
rather than to make it all available at the beginning. This practice gives more 
efficient use of floor space. 


Table 7-2 


FLOOR SPACE REQUIREMENTS AND AGE OF BROILERS 
OR REPLACEMENT STOCK 

— 


Floor spice 


Age in weeks 

per bird 

1 


10 sq. in. 


20 

2 


30 

3 


. . 40 

4 


50 

5 


70 

6 


90 

7 


110 

8 


130 

9 

10 


150 


Floor str.ce rcg.rircF.eet, for hying hem have not been adequately studied 
Floor space f and ventilation) environmental conditions, 

under controlled "“5,^ ,try housK> it h3s the practice 10 

In unheated * 8 q uMC feet of floor space per hen for Leghorns or other 

rT‘t C ,il chickens and four square feet for general purpose or meat type 
hght breed ch. and artificial heal are used, and the droppings are 

hens. Where f n vent lano ^ ^ ^ rcduccd 50 

removed eu er > ' "Ajj " f or ,he light breeds (Fig. 7-1 and Table 7-5). 
I ’ Cr r> CCn '^° r size of pens is not as important as once believed. It is not un- 
Pen tp JCC n nn t0 20 000 chickens or to keep 1 .000 to 5,000 hens in 

”^n ^ld«c pens reduces housing costs and especially labor 
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costs in caring for the birds and 
gathering the eggs. Birds of different 
ages should not be housed together 
in the same pens. Harmful habits 
may start in a pen and spread rap- 
idly, and it may be advisable to keep 
the birds in smaller pens. However, 
it appears that the saving in labor 
with the use of large pens outweighs 
the disadvantages that might arise. 

Temperature. Birds can tolerate 
wide extremes of temperature (ap- 
proximately 50 to 110° F ) depend- 
ing on age, feathering, and access t 
water. Feathers are good insulation 
against cold weather. Evaporation o 
moisture in the air sacs (p- 5 
Fig. 7-2. influence of hou»e temperaiur# helps to keep the body temperature 
on laying h.n«. normal in hot weather. However, for 

maximum growth, egg production, 

and efficient use of feed, the optimum temperature in poultry houses is rath 
narrow (50 to 90° F.) depending on the age of the birds. 

Temperature requirements for growing chickens have been discussed 
chapter 6 and are shown graphically in Fig. 6-1. An inexpensive source 
heat (hot water or hot air) is generally used to meet the heat requirements o 
fully feathered birds (8 to 12 weeks and older). Thermostatically controU 
heating equipment, covered brooders (Fig. 6-8), or use of chick guards to 
hold the chicks close to the heat pipes, provide the additional heat requite 
during the early growing period (zero to eight weeks). With slight modifier 
tion, or use of additional equipment, a laying house may be used for brooding 
young chicks or rearing pullets. Chicks should be started at 90 to 95° F. and 
the temperature should be lowered about 5° F. per week until a temperature 
of 65 or 70° F. is reached. This temperature is satisfactory for finishing broil- 
ers or growing replacement pullets from about eight weeks until sexual ma- 
turity. 

The temperature requirement for laymg hens to give maximum egg 
duction is about 55° F. (Table 7-4 and Fig. 7-2 and 3) . Birds eat more feed 
and by fewer eggs during cold weather. The warmer the temperature, tb e 
less feed they eat, but as the temperature rises above 55° F^ their egg produc- 
tion declines in number and size. Mature chickens suffer more from extreme 
warm weather (death from heat exhaustion) than from extreme cold 
weather. A mature bird will seldom freeze to death. However, some die fro® 
heat prostration when the temperature reaches 100° F. or more. Birds kept in 
cold quarters do not move about or eat and drink normally and egg produc- 
tion declines as does the fertility of the eggs. 

Temperature is closely allied with ventibtion (p. 187) and moisture 
(p. 189) in poultry houses. Optimum temperature conditions in poultry 
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Fig. 7-3. Not® th® effort of temperotur® on the feeding efficiency and egg production of 
toying hem. Egg production drops off rother shorply past 55® F. Feeding efficiency hits tti 
peok between 55® and 50® F. 

homes may be realized without the use of artificial heat by: ( 1 ) avoiding ex- 
cess head room (air space), (2) keeping the house filled to capacity to take 
advantage of the heat production of the birds (p. 238), and (3) good insula- 
tion of the house to prevent heat loss in winter and to give cooler ceilings in 
summer (Fig. 7-15). The use of a solar type house may also be used to take 
advantage of the sun for hearing ( Fig. 7-1 ) . 

Ventilation. Ventilation in the poultry house is necessary to provide the 
birds with fresh air and to carry off moisture. It needs to be provided without 
exposing the birds to drafts. 

Since the fowl is a small animal with a rapid metabolism, its air require- 

Table 7-3 


INFLUENCE OF FLOOR SPACE PER LAYER ON PERFORMANCE AND 
INCOME 5 



I Fioo» SrACt rt* Um Uq ft ) 


1.5 

2.5 

3.5 

Epg production, % 

60 

61 

62 

Mortality, % 

15.7 

15 

14.3 

Efrg income per bird 

Epg income per *q. ft. of floor 

S 1.66 

1.69 

1.73 

tpaee 

S 1.10 

0 68 

0 49 

Total epp income per pen 

S275.40 

I69.2S 

122.76 


•Nordiko*. 


FEEDING EFF.- NO. EGGS/ 100 IBS FEEO 
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Fig. 7-4. Influence of air temperature on it» water holding capacity. 


ment per unit of body weight is high in comparison with that of other aw 
mals (Table 7-5). A hen weighing 4.5 pounds, and on full feed, produces 
about 52 liters of COj every 24 hours. Since the COs content of expired air is 
about 3.5 per cent, the total air breathed amounts to 02 liters per pound live 
weight per minute. 

The amount of air space needed per bird will vary with the rate of move- 
ment of the air. The greater the difference between the inside and outside 
temperature of a house, the greater the movement of air between the inside 
and outside. A house that is tall enough for the attendant to move around 1 n 
comfortably will supply far more air space than will be required by the biros 
that can be accommodated in the given floor space. 

In providing ventilation, drafts should be avoided as they make birds sus- 
ceptible to colds, roup, and bronchitis. 

Exchange of air between the inside and outside of the house will help to 

Table 7-4 


INFLUENCE OF HOUSING TEMPERATURES ON EGG PRODUCTION 
AND FEED CONSUMPTION * 


Air 





Temper ltU rei 

Production 

Oi-Dm. 

Per 10O Hem 


23” F 

26 per cent 

24.2 

41 pounds 

19.0 pounds 


65 

23.9 

35 

6.5 


74 

23 8 


5.4 


78 

23.5 

31 

4.8 

65 

75 

23.2 


46 


68 

22.7 


4.8 

85 

56 

22.1 

25 

5.4 


'USD A Muc. Pub 728. 
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Table 7-5 

ESTIMATED AIR CONSUMPTION OF DIFFERENT ANIMALS 4 


Specie* of Animal i 

Utm of Air per Pound of 
Weight per Minute 

Man | 

0.045 

Goat 

0090 

Rabbit 

0.180 

Chicken 

0.225 

Guinea pig 

0.270 


* Mitchell toil Kelly. 


keep the pens dry. One hundred, five-pound hens will eliminate about 36 
pounds of water per day at 30° F., 42 pounds at the ideal temperature of 
55° F., and as much as 50 pounds at 80° F. About 80 per cent of the water 
excreted ts by way of droppings and 20 per cent by respiration. This amount, 
plus the spillage around drinking vessels, adds up to five or six gallons of wa- 
ter that should be removed from the house daily if the birds are to be kept in 
good production. 

Winter ventilation requirements will be determined largely by the amount 
of water to be removed and the house temperature. Water has to be vaporized 
before removal by ventilation and this requires heat. Approximately 1,000 
B.T.U.’s (British Thermal Units) are required to vaporize one pound of 
water. The heat necessary to vaporize the water may come from several 
sources. These include: (1) body heat of the birds (90,000 to 140,000 
B.T.U.’s per 100 hens per day), (2) decomposition of litter, (3) heat from 
the sun on windows or roof, (4) hear from the ground when rhe inside Tem- 
perature is below that of the ground, and (5) supplemental heat from a heat- 
ing system. It is evident that a house should be well insulated to conserve 
heat for moisture vaporization (Fig. 7-4) and that fans should work satis- 
factorily for removal of moisture. Table 7-6 gives recommended air flow 
rates for winter housing where an inside temperature of 50 to 55° F. is main- 
tained. The size of fan to be installed for year-round operation will probably 
be determined by the needs for summer ventilation. 

Summer ventilation is used to remove heat when the temperature rises 
above 70-80° F. in the laying house. Moisture removal is usually not a prob- 
lem in summer because of the increased capacity of warm air to hold water 
(Fig. 7-4). It has been recommended that an air flow rate of 12 to 1.5 cubic 
feet of air per minute per pound weight of birds be provided for summer 
ventilation. During hot summer weather, a 1000-bird flock of four-pound 
hens would require a fan capacity of 6,000 c.f.m. (cubic feet per minute) ar 
V6 inch static pressure. An even distribution of air flow could be obtained by 
the installation of two or three small fans rather than a single large one. 

Moisture. Optimum humidity in poultry houses has not been adequately 
determined. It should range between 45 and 75 per cent relative humidity. 
Tliis range gives a wet bulb reading of 45 to 50° F. at 55° F, the optimum 
temperature for laying hens. 
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Table 7-6 


RECOMMENDED AIR FLOW RATES FOR WINTER 
HOUSING 5 


Outside 

Temperature 

Cubic Feet of Air per Minute per 
Pound of Live IS eight 

0-1 5® F. 

0.2 

15-28 

0.4 

28-10 

0.6 

40-50 

0.7 

50-60 

0.85 


■ Ro!ltr. ft »L Purdue Ext. LeaEet 373. 


Table 7-7 

THE EFFECT OF HOUSING ON LITTER MOISTURE AND 
EGG CLEANLINESS * 



Moimar 
op Ltma 

Soii.rn Eec* 


SI ghtljr 

Dirty 

A 

pet cent 

28J 

per cent 

6.4 

per cent 

1.6 


50J 

31.5 

IS.8 


440 

40.7 

4.6 


34.0 

26.4 

3.1 


■ Walker led B -enter. 


Dr,*™ may Quae dusty litter in the poultry house result!™ in respiratory 
or eye troubles among the birds. A house that is too dry may also cause poo> 
feather growth or condition, an itchy skin, scratching, and faults such a 
W' C2nn e i P IC ' £' cannibalism. Houses are more likely to become IOC 

dry in hot weather than during other seasons 

amoumfof" “““ ^ Mifcd P'^age, breast blisters, excess!* 

“S r”T ! ib ““ , ° n f c°°> *e droppings, and a higher percents# 
soomkln^n ^ f 53 <Tlb,e 7 ~ 7 > f^tupness (S n h'!Taxd& 

e^ pX^Tthf® S ro '" h ot broriaf and may result in dir 

comla nmU™ T* 1 " 0 ” cold weather, dampness be 

the ah (Fie 7 _j? '“V 5 "" 1 , 2nd E rav ‘ty ventilated poultry houses. Wartnin? 

~ «HemL s moisntre ad 

the birds fron^combm °° r ^ ”" rm . tnoisture laden air exhaled b} 

sidewalls will keep thinner ^cT'' PrDP “ in ? ulad ° n of thc ceiBn S ^ 
on these xurfac^^r^r^r™? ‘-f IelluCC 
take or exhaust fans (Fig 7-23 wbl fOKaJ TeimL,t ’°u b ? « ° ! f 
ah. Removal of droppmj every dav n” "T’ ' macb of ,he k*? 

also remove much m ? Qlsn g. {l £ * > * hm a P“ c ! '=‘ n « is available, «« 
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Fig. 7—5. Windowlesi house for controlled lighting. 

Light. Birds require light for normal moving about and for eating and 
drinking. Light also aids in stimulating and controlling egg production. 

Daylight is generally used to supply the source of light. Most houses axe 
provided with windows which may be opened or closed to aid ventilation. 
Since there is greater heat loss through a single pane of window glass than 
through an insulated wall, the trend has been to reduce the amount of win- 
dow space. Approximately one square foot of window space for each 25 to 
40 square feet of floor space is recommended for general type poultry houses. 
The windows are generally placed on both sides of the house for more equal 
distribution of light and for cross ventilation in summer. 

Thermopane windows used in solar houses have double panes with an air 
space between them (Fig. V — 1 ) . These houses have large windows and are 
faced south in order to take advantage of the winter sun. 

Artificial light is being used in place of daylight by some poultrymen for 
growth of pullets and egg production. It is less variable than natural daylight 
and has been used as a supplement to normal daylight in fall and winter to 
increase winter egg production. The light stimulates the birds to produce 
more eggs and provides them with a longer period to eat and drink. A 20- 
watt bulb for each 100 square-feet of floor space is sufficient. 

Windou'lcss houses are used to some extent for growing broilers and egg 
production (Fig. 7-5). They are easier to keep warm in winter but more 
difficult to ventilate in summer. One must rely on electricity and fans for 
lighting and ventilation. This adds 10-30 cents to the housing cost per layer 
per year. 

Controlled lighting (stimulighting) is used to secure increased pullet 
year egg production and to bring turkey breeding hens into production at 
seasons other than spring. Pullet replacement chicks are raised in darkened 
(windowless) houses to 20 weeks of age with six hours of artificial lighr per 
day (Fig. 7-5). The light is then increased about 18 minutes per day each 
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Table 7-8 


EFFECT OF RESTRICTING LIGHT DURING GROWING PERIOD AND IN- 
CREASING LIGHT WEEKLY DURING LAYING PERIOD 7 


ObieEVATTOS 

Lighting Schedule Dubixg Latixg Peeiod 

18 Euavte incieaie* 

H boon per itf 

Egg production per hen per year 

270 

237 

Mortality, per cent 

166 

13.3 

Feed per dozen eggs, pounds 

3.6 

3.6 


’Kioj 


week during the first laying year. The system results in greater egg produc- 
tion as compared to birds raised on a 12-hour day whose day has been ifl - 
creased to 14 hours after they had been in production for a time (Table 7-8). 

Kinds of Poultry Houses 

Poultry houses are classified In several different ways. These include size, 
portability, purpose, style, and type of construction. 

Sizes of houses. Houses vary in sise, depending on the number of birds 
to be housed and the size of units in which they are to be kept (Fig. 7-6)- 
Colony bouses lie one-room buildings intended for housing single flocks 
or colonies of birds. They are usually some distance from each other on 
range. 

Multiple-unit houses are long houses consisting of several rooms. Had: 
room is like every other room and is known as a pen. In fact, a multiple-unit 
house is essentially several colony houses built into a single structure. 

Multiple -story bouses consist of two or more stories. They are popular on 
large commercial poultry farms where it would be impractical to provide 
range. Multiple-story houses require less ground, less roofing, and are easier 
? ^ an multl ple-unjt houses. On the other hand, they require heavier 
imbers for construction, increased labor in getting materials to the upper 
floors, and are more difficult to ventilate. 

h0USeS ’ H0USeS be constructed so that they are mov- 
able or so that they must remain in one place 

JZtJZ’Z Zy rzs T' ony T k ttat - Wt on 

house* from „i„- ^ 7 ^ moved from place to place. By moving the 

^ porob " 

immovable Thev^uvnil^ ° n 3 P ermanent foundation and are, therefore, 
h0,1!,:s - H0USeS “ c ° n5 '™«f for stve ra I puposes on t* 

J‘ b Tfe ch!d3 - Coto “y ho -““ for 

ally 10 to 12 feet wide and l?*! br f edm S farms - These houses are geoef 
/ reer *ide and 12 feet deep. The houses may be moved fro® 
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place to place to provide clean grass range. Where several colony houses are 
scattered over a range, much labor is required in caring for the birds. 

Multiple-unit brooder houses are used on large commercial farms. The 
pens are close together and often a centralized hearing plant is used. These 
factors reduce the labor required for caring for the birds. Range is generally 
not provided because it soon becomes contaminated, since the buildings are 
immovable. 

Rearing houses are used to shelter the chicks from the time they no longer 
need brooder heat until they are placed in the laying house. This period ■will 
vary from nvo to four months, depending on the season of year and the breed 
of chickens. Colony and multiple-unit brooder houses are often used for this 
purpose. Range shelters (Fig. 6-9) are popular for housing pullets on range 
after they no longer need heat. The colony houses generally conrain more 
pullets than can be cared for comfortably as they approach maturity. The 
range shelters make it possible to separate the birds in smaller groups. 

Laying houses bold the laying hens. They vary all the way from one-room* 
colony houses to multiple-story houses (Fig. 7-6) . Instead of being pro- 
vided with brooding equipment, they are provided with nests and equipment 
more suitable for older birds. Laying houses also serve for breeding houses. If 
pen matings are used, smaller pens are made in the laying house, or the breed- 
ers are kept in separate small houses. 

Styles of poultry houses. The style of the poultry house makes little dif- 
ference as long as the comfort of the birds is provided. There are several styles 
of poultry houses with reference to types of roofs (Fig. 7-6) . 

Shed-type houses have single-pitch roofs. They are the simplest style of 
poultry house construction and require the least lumber for a given floor 
space. Shed-type poultry houses are rhe most popular type among pouhrymen. 

Gable-type houses require more material and labor for construction. They 
are suitable for straw-loft type of construction. Some poultrymen put a ceiling 
floor in gable roof houses and use the space in the gable for storage. Multiple- 
story houses often have gable roofs. 

Types of construction. Several different types of building materials are 
used in constructing poultry houses. These include wood, hollow tile, concrete 
blocks, and metal ( Fig. 7-7 ) . 

I Food houses are most popular because of ease of construction and general 
availability of building material. The outside wall is generally drop siding. 
There is considerable heat loss through single wall wood construction. The 
use of sheathing or insulation board on the inside, to provide double wall con- 
struction, greatly reduces the heat loss. Wood houses require frequent paint- 
ing. 

Hollow tile houses are popular in areas where tile is produced at small cost. 
The heat loss through hollow tile walls is less than through single wall wood 
construction. The tile is durable, the outside does not require paint, no inside 
insulation is used, the walls arc ratproof, and the house is fireproof. 

Concrete block houses are not widely used because they arc costly and per- 
mit considerable heat loss through the walls. Some houses are built of lighter 
blocks made of cinders and concrete. 









Hfl. 7-7. H*ot low through different type* of vroll conduction. Th# ui# of iheothlng on 
th# Initd* of th# »tvcf«, with th# «potti b*fw»«n th# t tvdt *rifh ihovinflt, ci thown obo*#, 

provide* on# of th* b*il rrnthodt of proclicol intuiotion for poultry houtet. (Ohio Agriculture 
Ejit#n*Ion $#rvic*.) 
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Metal houses are sold by some commercial firms. The single-wall houses 
are difficult to keep warm during winter. Some have double wall construction 
and insulation material between the walls. Metal houses are expensive u 
durable and easy to keep clean. 

House Construction 

There are many different kinds, sizes, and types of poultry houses. Any one 
of them may be expected to prove satisfactory as long as housing require 
ments (p. 183) are followed in their planning, construction, and operation. 

Width. Poultry house width is generally between 30-40 feet for efficiency 
in ventilation and economy in cost. Houses more than 40 feet wide are « * 
ficult to ventilate, while a narrow house requires more wall space. For in- 
stance, to provide 2,000 square feet of floor space in a house 20 feet wi e. 
will require a length of 100 feet or a total of 240 feet of sidewall. I ‘die 
house is 40 feet wide, it will be 50 feet long and will require 180 feet of side- 
wall , 

The foundation. Most permanent poultry houses have concrete founda- 
tions and floors. They are durable, ratproof, and easily cleaned. Before start- 
ing to dig the ditch for the foundation, square the corners by fixing one side 
of the site of the proposed house. With this as a base, locate the other corner 
posts by using the 6-, 8-, and 10-foot combination, measuring 6 feet from on e 
end of the fixed line and 8 feet from the same line at right angles. The angle 
between the two lines is fixed by measuring 10 feet from the 6-foot mark of 
the fixed line to the end of the 8-foot line, thereby making a square corner. 

The depth at which the ditch should be dug for the foundation for the walls 
will depend upon the height of the house and the dangers of heaving as a re- 
sult of freezing. Generally, the foundation should be at least 6 inches thick, 
and extend about 18 inches below the surface of the ground. If the soil is 
firm and does not cave in, it will not be necessary to build a form beneath the 
surface of the ground. The top of the foundation wall should extend at least 
12 inches above the ground level (Fig. 7-8) . 

The concrete mixture should be a 1 \iy 2 :3V$ mixture with 5 to 6V2 gallons 
of water per sack of cement. 

The floor. The top of the concrete floor should be at least 10 inches above 
the outside ground level. The space inside the foundation and beneath the 
floor should be built up about 8 inches above the outside ground level with 
gravel covered with cinders, and well tamped. A layer of tar paper may be 
placed on top of the cinders before the concrete is poured in order to further 
inhibit the possible capillary rise of water through the floor. 

The concrete floor should be sloped to a floor drain in the middle of the 
house. The layer of concrete should be 2 to 3 inches thick. The cement ffl*- 
ture cons«ts of a 1 :2 : 3 mixture with AV 2 to 5V6 gallons of water per sack of 
cement The enure thickness of the floor may be poured at one time. The 
top of the floor should be finished with a wooden trowel in order to produce a 
smooth surface, and the finish should be made with a light trowel. The floor 
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Fig. 7-8. Foundation and floor. 


should be kept wet for several days after being laid in order to permit the 
concrete to harden without cracking. 

A floor for a 36' x 100' house will require about 16V4 cubic yards of con- 
crete, consisting of the following: 

Portland cement 112 sacks 

Sand (fine aggregate) 8 Va cubic yards 

Stone (coarse aggregate) l2Vi cubic yards 

The concrete Boor may be omitted if drainage is good and deep compost 
litter is used. A dirt floor is warmer ( Fig. 7-14 ) . 

The framework. The sills are usually 2x4 inches, laid on the broad side 
and bolted to the concrete foundation by bolts inserted in the concrete foun- 
dation at the time it was poured. Heavier sills are used for multiple-story’ 
houses. Sometimes two 2 x 4‘s arc spiked together for sills. 

Runners, 3 x 4 or 4 x 6 inches in size are used as sills for portable houses. 
Portable houses that are to be moved on runners must be braced extra well in 
the corners to stand the strain of moving. 

Joists for wooden floors are either 2 x 4 or 2 x 6 inches, depending on the 
span. They should be 16 to 20 inches apart. If the space is over 10 feet, a 
center support should be used for 2 x 4-inch joists. 

StudJings are 2 x 4 inches and spaced 2 to 4 feet apart and to fit windows 
and doors wherever necessary. They are roc-nailed on the sill and should be 
set plumb with a spirit level and braced well until sheathed. The corner studs 
are generally doubled, making them 4x4 inches. 




Fig. 7- 10. Goble type roof jtyle. 

Plates are 2x4 inches laid flat on top of the studding. They are halved or 
tailed topprhpr or tVir» ^Ar - _ l tu« e>lif*>s aJC 


, , “*** «« ui me sruaaing. iney arc ««»»--- 

spliced and nailed together at the ends or over a post or stud. The plates are 
spiked to the top of the studding. Sometimes 4x4 plates are used. They are 
made by spiking two 2 x 4's together. 


made by spiking two 2 x 4’s together. 

Rafters are 2 x 4 or 2 x 8 inches, depending on the size of the building- 
Larger rafters should be used where the clear span is 12 feet or more, or ia 
climates where the roof must support much snow. The rafters are generally 
spaced 2 feet apart. 

Girders r are 2 x 6s or 2 x 8s set on edge on posts to support the roof. Tt<7 
are placed lengthwise of the house and about midway of the length of the 
ratters, which rest on them ( Fig. 7 - 9 ) . 

V A ^'f 3 ’ 5< f k" of lunlb “ “ e required for the framework of » 

dux 100 foot laying house. 

l ,. Y‘ 1 i y? d prritioas. The walls in shed-rype houses are usually con- 
? fect hl 8 h J" thc “d 8 feet high fo the front (Fig. 7-9). » 
h ' Sh in ioth front and rear (Fig. 7-10) . Sufficient 
dSo m n ’° re abou ' in thc h °“' comfortably even when 

deep Inter is used, ye, no more headroom should be provided than needed 
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because of the greater space to be heated in winter. Wood or block construc- 
tion with insulation is generally recommended for cool climates (Fig. 7-7). 
The inside wall should be of wood or hard (asbestos) board construction. 
Metal is likely to rust and soft insulation board may be picked by chickens or 
become wet and buckle. 

Insulation is used to conserve hear in winter and to keep it out in summer. 
Double wall construction is used for wood houses ( Fig. 7-7 ) . The space be- 
tween the walls should be filled with some fine material such as sawdust, shav- 
ings, ground corn cobs, or commercial insulating materials. Block walls pro- 
vide more insulation than single wall board but not as much as double wall 
construction. 

Vapor barrier material is needed on the inside wall between the sheath- 
ing and the insulation ( Fig. 7-1 1 ) . This prevents condensation of moisture 
from the inside air which wets the insulation, reduces its insulating value, and 
eventually causes rorting of the wall. Shiny asphalt-impregnated and asphalt- 
coated paper, 55-pound roll roofing, aluminum foil, or two coats of asphalt or 
aluminum-flake paint, applied on an unbroken surface are satisfactory vapor 
bcunen. Some commercial insulation materials have a \apoi baitiet attached. 
Manufacturers’ instructions should be followed in applying the barrier, and 
care should be taken to avoid tearing holes in it. 

Outside wall vents should be provided in wood walls to permit the escape 
of any moisture that gets into rhe insulation. These may be small openings in 
the outer wall, screened and protected. Moisture collecting in the insulation, 
is often responsible for peeling of paint from the outside walls of the poultry 
house. 

Partitions may be made of wire, with wood or hard asbestos board extend- 
ing up about 2 feet from the floor. This will prevent distraction by birds in 
adjacent pens and permit good circulation of air. Partitions may be made in 
removable panels to facilitate changing the size of pens according to man- 
agement needs. Pens may be needed in a house to separate birds of different 
ages, sexes, breeds, matings, etc The fewer partitions used in a house, the 
cheaper the cost and the less labor required in caring for the birds. 

Windows. Windows are used in poultry houses to admit daylight and aid 
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in ventilation. If artificial light and fan ventilation are used exclusively as in 
controlled lighting (p. 191), windows may be eliminated (Fig. 7-5). On 
the ocher hand, if windows are used to aid in heating the house (p. 191 ) , the 
south side of the house should have double (thermopane) window's 
(Fig. 7-1). 

Most poultry houses are provided with about one square foot of window 
space for each 20 to 40 square feet of floor space. Usually one row-three pane 
or two row-six pane windows are located on both sides of the house, near the 
top, for even distribution of light and for cross ventilation in summer (Fig. 
7-12). The windows should be easy to open and close and should tilt back or 
be constructed for pushing to one side. The window* opening should be cov- 
ered W’ith hardware cloth to prevent birds from gaining entrance. 

The roof. The kinds of roofing most generally used on poultry houses are 
the so-called "prepared roofing," built-up roofing, metal roofing, and shingles. 

Prepared roofing which is available in rolls of different degrees of thickness 
is widely used on poultry buildings. It is cheap and easily put on. However, it 
soon becomes loose, strips blow off, and it has to be replaced often. Sheathing 
is first put on the rafters, the roofing is tacked to the sheathing with large- 
headed nails, the seams overlapped, and the surfaces cemented together. The 
thicker the roofing material, other things being equal, the better the product. 
When the doors or windows are open and the wind blows, some pressure is 
built up in the house. The wind gets under the roof through cracks and holes 
in the sheathing, the nailheads are loosened, and strips of roofing are blown 
off after a year or so. Good grade tongue-and-groove sheathing should be used 
to prevent this trouble. Prepared roofing will also fit tighter if it is put on 
during warm weather. 

Ceiling insulation is more important than sidewall insulation to prevent 
heat loss in winter and the entrance of heat from hot roofs in summer (Fig. 
7-14). The same type of insulation may be used for ceilings as for sidewalls. 

Built-up roofing consists of several layers of roofing paper and asphalt over 
wood sheathing. The sheathing should be of tongue-and-groove boards to 
prevent the wind from blowing through from the underside to loosen the 
roof. The first weight of roofing paper which should weigh sixty pounds per 
square, is laid on the sheathing and nailed down tightly w'ith the cap spacing 
nails. The other layers of roofing paper, varying from two to four in number, 
are laid horizontal with the sheathing and cemented down with hoc asphalt 
(Fig. 7-13). 

A built-up zoo f costs no more than a heavy-ply prepared roofing, but lasts 
much longer. Some poulrrymen experience difficulty in applying the asphalt 
and for that reason prefer one of the other types of roofing. 

Metal roofing for poultry houses is increasing in popularity'. It is durable 
and will last for years before an application of paint is necessary. The rafters 
need to be lathed to hold the roofing but do not need to be sheathed. This 
reduces the amount of lumber required. 

Modern metal roofing has a double crimped edge. The crimps of one sheet 
fit over those of the next one. This prevents water from getting through the 
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Fig. 7-13. TM* diagram show* »h« manner in which a built-vp roof i* applied fo a board r ^ 
(1). The felt bate (2) I* applied to the sheathing and the edge* are protected with a^ rip 
metal. (3) Roofing (4, 5, 6 ) it applied and asphalt (7) it then applied over the entire r 
(Ohio Extention Bulletin 94). 


roof by capillary attraction. Metal roofs do not require a steep slope to prev 
leakage. They may be used on shed-type as well as gable-type houses. 

Metal roofs do not make the house hotter than other forms of roofs an 
not cause condensation of moisture, if the ceiling is insulated. Since heat ^ 
is greater through the ceiling, the insulation should be thicker. In a shed-r 
house, an air space should be provided with openings between the insulating 
and the roof (Fig. 7-15). An attic with louvers serves this purpose w 
roof houses (Fig. 7-10). 


Laying-House Equipment 

Good laying-house equipment is essential for satisfactory production- 1 £ 
should be simple in construction, movable, and easily cleaned. The perches, 
nests, feeders, and waterers are of particular importance. 

Perches. Perches are desirable for chickens but not for waterfowl for P rC " 
vention of soilage of feathers by the droppings. They should be as far away 35 
possible from probable drafts ( Fig. 7-16) . 

The perch poles should be spaced about 14 or 15 inches apart and made 
of 2 x 2-inch material with rounded tops. Heavy 1 Vi-inch poultry netting or * 
2 x 4 ' welded wire should be tacked on the underside of the perch seetton* 
This will present the birds from coming in contact with the droppings. Th« 
perch sections should be in 5- to 6-foot sections and not more than 5 or 



fig. 7-1 A. TM* chart thowt graphically th* roloti** amount of hoot lou through difforont 
typo* of coiling or roof contraction, through floor*, ond through difforont window orrongo- 
mont*. (Ohio Agricultural Exttniion Sorrico.) 










Fig. 7-16. Detoil! for rooiti and dropping pit. (Ohio Extension Bulletin 94.) 


Nests. Nests should be roomy, movable, easily cleaned, cool and well venti- 
lated, dark, and conveniently located. 

Nests are usually constructed 14 inches square, 6 inches deep, and with 
abour 15 inches head room. Ali-meraf nests are preferred to wood nests be- 
cause of ease of cleaning and less chance of becoming infested by mites. The 
entire batter)' of nests should be movable for convenience in cleaning. 

One nest should be provided for every five or six hens. In case the birds 
arc trap-nested, one nest should be available for ever)' two or three birds. 
Dark nests are desirable because birds prefer seclusion when laying. They re- 
sult in less scratching in the nest, less egg breakage, and less egg eating. Bat- 
teries of nests may be placed against the end walls or partitions and along the 
posts supporting the roof in the center of the house. 

Trap nests differ from regular nests in that they are provided with trap 
doors by which birds shut themselves in when they enter. Trap nests are es- 
sential on poultry-breeding farms (Fig. 4-23). 

The large-type community nest is becoming widely used in many sections. 
While the nests seem large, they actually occupy less space in the laying house 
because fewer nests are required to provide ample nesting space. 

The two-section nest shown in Fig. 7-17 is 8 feet long, 2 feet wide, 14 
inches high in front, and 30 inches high in back. The entrance for the birds is 
8 inches square. The lid is made 16 inches wide and can be hinged with strap 
hinges. It will accommodate 80 to 100 birds. 

The floor of the nest can be hinged so it will drop for easy cleaning, or the 
bottom can be made separate and the nest set on the floor. The nest can be 
fastened to rhe wall or supported as the one shown in Fig. 7-1 7. 





rig. 7-17. A community nert. Th» front pari of »h« lid it hingtd for °* B a,h,r 9 


The perch should extend beyond the front of the nest 10 to 
For convenience of the caretaker, the nest should be placed 18 to 2 1 


above the floor. * mice 

Wall feed bins. Enough feed is wasted on many farms, by rats an 
tearing open sacks, to pay for enough lumber to construct one or t^o 


bins in the laying house. , a 

If an opening is provided on the outside wall, the bin can be filled t 
truck or trailer without going into the laying house. 

The bin need not be built more than 18 inches wide, and the bo 
should be sloped so the front of the bin is 18 inches lower than the bac 
of the bin. This will allow more of the feed to run out the slide gates 
also facilitate complete removal of all feed in the bin. ^ 

A wall bin that will hold 2 or 3 tons of feed can be supported on the f ^ 
and ceiling joist without floor supports. It does not take up floor space 
hinder in cleaning the house (Fig. 7-18) . 


Feeders. The feeders should be easy to fill, easy to clean, built to av0 ' 
t i / . ./ , • that the 


waste, so arranged that the fowls cannot roost on them, high enough that ^ 
birds cannot scratch litter in them, and constructed in such a manner that 


long as they contain any feed at all, the fowls will be able to reach it- ^ 
Sufficient feeders should be available so that there will be one foot or 
ing space for every three or four birds. More hopper space is reconuneo 
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Fig. 7- IS. A wall f««d bin In poultry fioujo iare» (pace, labor, and feed. 

now than in former years because both the grain and mash are hopper fed, 
whereas in former years the scratch grain was fed in the litter. All-metal feed- 
ers that slope inward toward the bottom are more desirable than rectangular, 
boxlike wooden feeders. 

A section of the feed hopper may be partitioned for oyster shells or other 
grit. It is advantageous to have the source of calcium for eggshell formation 
near the feed hopper. 

Hanging feeders have become popular in recent years. They may serve 
for all ages of chickens and turkeys after the)’ are about two weeks old 
(Fig. 7-19). 

Automatic feeders are now in use in some large broiler and egg-laying 
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houses. They save labor. The feed is moved from a feed bin by a moving belt 

m Watering 1 clevices^ Satisfactory watering devices 

clean, be available and easily cleaned, and prevent spillage of 

,he indnerator. An incinerator should be conveniently located for burning 

dead or diseased birds. , , . . IUa 

Manure shed. A screened-in manure shed should be available 
ing droppings or litter that cannot be disposed of at once. Manure pi 
breeding places for flies. These and other inseas are carriers of disease. 

A hundred hens will drink from three to eight gallons of water pe )> 
depending on size of birds, rate of production, salt content of the ration, a 

weather conditions. keep 

Various forms of covers are provided for open pans and crocks jj 
birds out of them. Drinking fountains are provided for young chic s, a 
in some cases for older birds as well (Fig. 6-2) . Troughs with automatic ^ 
valves and other automatic watering devices are used on commercial ar 
where large numbers of birds are kept and running water is aval a 

(Fig. 6—3-) 

Lights. Artificial lights are used in laying houses to stimulate fall pro 
duction of hens, to bring late- or slow-maturing pullets into produaion, an 
to delay or hasten birds through the molt. 

About a forty-watt bulb to a pen that will accommodate fifty to one nu 
dred birds is sufficient. The light is usually placed in the center of the pen 
and over the feeders and water stands. The use of a broad, flatlike refiecto 
will throw more of the light toward the floor and on the birds. 

Morning, evening or all-night lights are satisfactory. Morning lights ar 
most generally used. An automatic device is used for turning on the lights 
about 3:00 or 4:00 A.M. 

Catching equipment. Catching coops, hurdles, and catching hooks a rC 
valuable equipment for the poultry farm. The birds may be driven into one 
end of the house with the aid of wire frame hurdles and on into rows o 
catching coops lined up end to end with the doors open at both ends. Th e 
birds may be caught with these aids with a minimum of labor and with 
fright or injury to the birds. Collapsible, bottomless wire coops are of P 3 *' 
ticular value to hatcherymen for culling and blood-testing work (Fig. 4-28). 

Broody coop. A broody coop with a wire bottom, located at one end or 
the dropping pit, is useful for holding broody birds or those that have been 
injured. Less labor is involved in removing and caring for broody or injur^ 
birds if they can be cared for in the pens where they belong. This is especially 
true if the birds are on some kind of an experimental test. 

Cleaning equipment. Some useful tools for cleaning purposes include 
shovels, brooms, scrapers, etc. 

Spray pump. A spray pump is satisfactory for applying disinfectant after 
a home or equipment has been thoroughly cleaned. It may also be used ft* 
spraying insecticides for fly control (p. 299). 
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Fig. 7-19. Hanging feeders. 


Care of the House 

The house must be carefully managed if satisfactory results are to be ob- 
tained. A good house and equipment are only the first steps toward success- 
ful poultry production. Essential everyday poultry house management prac- 
tices to be carried our include ventilation, temperature conrrol, and sanitation. 

Ventilation. Gravity ventilation is the natural flow of air through a 
house {Eig. 1—1:1') . it depends on different temperatures of the arr inside 
and outside of the house, between the floor and ceiling, and near a heater. 
Warm air is lighter and tends to rise. Cold air is heavier and tends to fall to 
the floor. Gravity ventilation works best in small houses with few birds in- 
volved. 

In summer both the front and back windows should be kept wide open 
in order to secure cross ventilation. The doors in the ends of the building 
should also be left open, and wire or screen-covered doors used to keep the 
birds confined. 

In the fall and spring, when weather conditions are quite changeable, the 
rear windows or ventilators and the end doors should be kept closed. Venti- 
lation should be provided through the windows. Most of the troubles from 
fault)* ventilation start in the fall. The house is often filled to capacity and 
left wide open with cross ventilation. If a cold, chilly storm comes along, the 
birds are exposed to drafts and may contract a cold developing into bron- 
chitis or roup. Once a few of the weaker birds have become ill, the trouble is 
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easily spread to others in the flock. Correcting the ventilation after the bir^ 
have been exposed is too late to prevent the onset of the trouble. V 7 eax, 
parasitized, or poorly nourished birds are most likely to be affected first. 

In the winter the windows should be adjusted to take advantage of all 
the outside temperature possible. A thermometer should be kept outside o 
the house as well as inside. ^?hen the outside temperature goes above 
inside temperature during the day, the windows should be opened. ‘W be0 
the outside temperature starts to drop, the windows should be closed to re- 
* much heat as possible. During thawing weather, the house will 


come quite wet unless the windows are opened. If the temperature c ^ 


be kept above freezing in the house, when the building is tightly construct 
the windows should never be completely closed. The more moist exhaled V* 
kept in the house when the temperature is below freezing, the greater the 
danger of frozen combs and wattles. 


Fan ventilation is accomplished by the use of air intake or exhaust f* 05 - 
An exhaust fan arrangement used during winter that pulls air from near the 
floor is shown in Fig. 7—23. Intakes are placed on the opposite walls. _ 
summer a door is opened at the top of the outlet duct, so that the warm air 
from near the ceiling may be puffed out and cool, outside air drawn in fr 0 ® 
the opposite side. 
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Another ventilating system pulls 
air from the attic through louvers 
and openings in the ceiling and 
forces it out through sidewall ex- 
haust fans (Fig. 7-24). The attic air 
will be a little warmer in winter 
than air pulled directly from the out- 
side, because heat escapes through 
the ceiling despite insulation and, if 
the roof is metal, the sun will have 
its effect. In summer the attic open- 
ing is closed to keep out the hot air 
and fan cross-ventilation is accom- 
plished (Fig. 7-23). 

Fans should be provided and op- 
erated with both rime cycle and tem- 
perature controls. The time cycle controls can be adjusted to operate any num- 
ber of minutes, usually one to ten during a ten-minute cycle. They permit 
removal of air even though the temperature may be low. The temperature 
controls shall be set to shut off all fans if the temperature drops below a given 
point, usually 30° F. The fans and intake and exhaust openings must be 
provided with automatic shurters or louvers to prevent backdrafts when the 
fans are not running. Fans should be purchased and operated according to the 
directions of the manufacturers. 

Temperature control in the house. Extremes of temperature should be 
avoided in the house, as far as possible, through practical means. Insulation 
of the house and cross ventilation will help prevent extreme heat in the pens 
in summer. 

Insulation, elimination of high ceilings or unnecessary air spaces, keep- 
ing the house filled to capacity, and proper window ventilation will help 
keep the inside temperature above that of the outside temperature in winter. 
In spite of all these practices, the temperature in the house may drop below 
freezing, at least a few rimes during the winter, in most of the cenrral and 
northern states. This will interfere with egg production and in the case of 
breeders will result in lower fertility and hatchability. 

A coal or oil brooder stove may be used in the laying house during cold 
winter weather. One stove will provide sufficient heat to keep the tempera- 
ture from going below freezing in a well-insulated pen that will accom- 
modate 500 to 1,000 birds. The use of a little heat will not only make the 
birds more comfortable but will aid in drying out the house. 

Sanitation. Sanitation should be practiced ever)* day in the year. The 
larger the farm and the more birds in a pen, the more rigidly it should be 
enforced. Ever)* sick or injured bird should be removed as soon as noticed 
and put in a separate small building, used as a hospital. 

Utter, if properly managed, will help keep the house warm and dry*. Deep, 
compact litter appears to have a sanitizing effect because of its hearing and 
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Fig. 7-21. Colony loying cages with auto- 
matic feeder and belt egg conveyor. 
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Fig. 7-22. Gravity ventilation of fully insulated houses. 


production of ammonia (p. 421). Moisture is necessary for microbial actio® 
and composting (decomposition) of the litter and droppings. Litter that 
becomes too wet may result in excessive ammonia production and impair the 
health of the poultry. Frequent removal of droppings from the dropping 
pit will remove much moisture and help keep the litter in good condition. 
Frequent stirring of the litter with a fork or garden tractor will help keep 
the litter from caking and will keep the floor dryer. The sprinkling of acid 
phosphate fertilizer over the droppings and litter at a rate of ten pounds pet 
100 square feet of floor space, once or twice a week, will help reduce am* 
monia odors and retain nitrogen, thus increasing the fertilizer value of the 
droppings and litter. 

Feeders should be kept clean. 

Water tesseh should be scrubbed every two or three days or as often as 
necessary to keep them clean and free from slime. 


Nests should be kept clean and filled with a desirable nesting material. 
Perches should be screened to keep the birds from coming in contact with 
the droppings beneath them. 

The nests and perches should be treated with carbolineum for prevention 
of mites and for preservation of the wood. 


n.fi shoild be kepi under control by use of fly sprays (p. 302 ). 
of openings Sh °“ d ^ kCpt ° U ‘ ° f P oultr y hou5 ' s ty proper " ire covering* 



HOUSING PRINCIPLES AND PRACTICES 


213 



Fig. 7-23. A vrall type exhaust fan and duct. 


REVOLVING 
VENTILATOR --p 



Fig- 7-24. For blowing air from attic Into laying house. Insert shows alternative arrangement, 
with (an mounted In ventilation shoot. 

Warm Climate Housing 

Most of the housing discussed so far in this chapter has been designed for 
temperate climates where most of the poultry has been produced in the past 
(Fig. 7-25, Zones 1-2). In recent years poulrry production has been increas- 
ing in zones 3 and A in the United States, in Mexico and other countries hav- 
ing a mild to hot climate. 
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Fig. 7-25. Form building xon« map bated on January temperatures 


Type of houses. About all that is needed for warm climate poultry hous- 
ing is a shade to protect the birds from the sun and rain and a means 0 
cooling them. Houses for birds in warm climates generally have high ceiling 5 ’ 
ridge roof, ventilation, and open sides which may be closed on the side or 
prevailing storms by a canvas or panels ( Fig. 7-26 ) . 

Temperature control. In warm climate poultry housing, one must gu ar 
against extremely hot weather. Some of the practices used are: (D open 
houses, (2) fan ventilation, (3) roofs painted white to deflea the heat 
from the sun, and (4) evaporation of moisture from the birds or house. 

F°E8 e ™ n 16 sometimes used to produce a mist in the house or even on the 
bird. This produces a cooling effect by evaporation of the moisture. 

Fans are sometimes used to pull air over damp surfaces and through the 
house. Hot, dry air is cooled by the up-take of moisture (evaporation and 
heat loss). 


Laying Cages 

laying cages, individual (Fig. 7-27 and 28) and community (Fig- 7-3U. 
ate being used for commercial egg production. They are more suitable fw 
use in warm climates. In areas where freezing temperatures are common, 

the cages have to be installed in warm houses. 

Aivantage, of laying cages are: ( 1 ) accurate and heavy culling is possible. 

hl8 V ate ° f P roduction by replacing culls with ready-to-bl 
P s, (3) fewer layers show signs of bloodiness when on wire floors, (4) 
hens cannot develop the habit of egg eating, (5) fewer badly soiled eggs are 









Fig. 7-29. Individual laying cage arrange- 
ment. 


gathered, (6) cannibalism and pick-out habits are prevented, (7) labor is 
uniform throughout the year, and (8) an accurate egg record is possible. 

Disadvantage s of laying cages are: (1) increased housing cost per bird, 
especially in temperate climates (Table 7-9), (2) the controf of flies 
(Table 9-7), (3) securing replacements, and (4) increased labor costs 
(Table 12-12). 

Houses for laying cages in warm climates need be nothing more than a 
roof for shade and protection from rain (Fig. 7-28). In cooler climates the 
cages are installed in regular poultry houses. No supplemental heat need be 
provided unless the outside temperature is below 32° F. 

Laying ben performance in cages is slightly better than those on a floor 
(Tabic 7-10) . The birds lay a few more eggs and feed consumption is slightly 
less. Mortality is about the same when layers arc kept in cages or on the 
floor. 

Management of caged layers for profitable results includes: ( 1 ) replace- 
ment of layers by replacement pullets when production drops below 50 per 
cent, (2) keeping the cages full at all times, (3) control of flies (Table 
9-7), and (4) use of the same approved feeding, watering, vaccination, egg 
collection, and handling practices as used for lajers kept on the floor. 
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Table 7-10 


CAGE VERSUS FLOOR PEN PERFORMANCE OF LAYERS * 


Trial 

Environment 

Production 

Per cent 

Mortality 

Feed per doz. 
tfp flbs ) 

1 

Av. of six 
comparisons 

Floor 

72 

7 

4.71 

4.36 

for 10 mo. 
1955-56 

Cages 

76 



2 





Av. of five 
comparisons 

Floor 

68 

20 

4.62 

4.28 

for 10 mo. 

Cages 

72 


1956-57 






• Roberuon. 


Yards and Ranges 

Range was necessary for good growth, egg production and hatcbability 
until the discovery of vitamins and their use in poultry feeding. Today as 
good or nearly as good results are obtained with confinement rearing a° 
egg production as when range is used. Less land and much less labor are 
required in confinement production of poultry meat and eggs than when rang- 
is provided. There is little or no difference in feed consumption or f^ 1 
cost in range versus confinement production. As flocks become larger it u 
practically impossible to provide good, clean range, especially for the laying 
flock. Losses from feed eaten by wild birds and the possible spread of disease 
by them are eliminated by confinement production. Losses due to thieves 
and predatory animals may be prevented most easily in confinement produc- 
tion. Losses from storms may also be prevented by confinement production- 
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Chapter 8 


Feeding Principles 
and Practices 


The primary PURPOSE in keeping poultry is to transform farm feeds 
into meat and eggs. The fowl may be compared to a factory. Feeds, such 
as corn, meat scraps, grass, and oyster shells, are the raw materials. Meat and 
eggs are the manufactured products. The manager of the factory is the poultry 
feeder. The efficiency of the factory will depend upon (1) suitability for 
purpose, or type of bird; (2) quality of construction, or breeding of bird; 
(3) working conditions in factory, or health of bird; (4) raw materials, 
or the feeds fed; and (5) management, or feeding and care provided by 
the feeder. 


Nutrients 

The body of the fowl, eggs, and feeds are composed of various combi- 
nations of chemical compounds. They are classified according to physical, 
chemical, and biological properties into six general groups: water, carbohy- 
drates, fats, proteins, minerals, and vitamins (Table 8-1). There is some 
similarity between the occurrence of these compounds in feeds and their 
occurrence in the body of the fowl or in eggs. For instance, the vitamin 
D content of the egg depends on the vitamin D content of the cation. Most 
of the feeds, however, are reduced to simpler substances in the body by 
processes of digestion and reassembled in different forms as body tissues and 
e gfi s - 

Water. Water is the only one of the six nutrients that is a definite com- 
pound. It is composed of two atoms of hydrogen and one of oxygen (HjO). 

Water plays a highly important part in planr and animal life. It is a 
chemical constituent of feeds, fowls, and eggs (Table 1, Appendix). Water 
constitutes from 55 to 78 per cent of the live weight of chickens. Young 
birds, like young plants, have higher moisture content than older ones. 
Water softens and hydrolizcs feed in the processes of digestion. As an 
important constituent of blood and lymph, water carries digested food to all 
parts of the body and waste products to the points of elimination. Water con- 
trols body temperature by absorbing the heat of cell reactions and by va- 
porizing moisture for exaction by way of the air sacs and lungs. It also serves 
as a lubricant for joints, muscles, and other body tissues. 
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Table 8-1 

NUTRIENTS NEEDED BY POULTRY AND THEIR CHIEF 
FUNCTIONS AND SOURCES 


Water 


Digestion, carrier of food and 
waste products, and regulator 
of body temperature 


Carbohydrates 


Minerals 


Water, liquid milk, and young 
green grass 


Heat, energy, and fat production 


Reserve supply of heat and energy 


Growth and repair of body tis- 
sues, egg formation, and heat, 
energy, and fat production 


Skeleton formation, egg produc- 
tion, and regulation of body 
neutrality 


Cereal grains and grain by-prod- 
ucts 


Cereal grains and grain by-prod- 
ucts 


Milk, meat scraps, fish meal, soy- 
bean meal, com gluten meal, 
and cottonseed meal 


Meat scraps, fish meal, milk, bone 
meal, oyster shells, limestone, 
and salt 


Vitamin A 


Thiamin (Bi) 


Vitamin D 


Growth; health of eye nerves, and 
respiratory epithelium; preven- 
tion of nutritional roup, and 
xerophthalmia 


Green gran, dehydrated alfalfa 
meal, some fish oils, com gluten 
meal, yellow com, and vitamin 
A acetate 


Appetite, digestion, health of 
nerves, and prevention of poly- 
neuritis 


Mineral assimilation; egg produc- 
tion; hatchability; and preven- 
tion of rickets, crooked breast- 
bones, and thin eggshells 


Green grass, alfalfa meal, whole 
grains, wheat by-products, ana 
milk by-products 


Sunshine, 6sh nils, irradiated aid- 
mal sterols and yeast, and ultra- 
violet light 


Vitamin E 


Health of reproductive organs 
and for fertility and hatcha- 
bility 


Riboflavin 
(Bi or G) 


Growth, hatebabiiity, and pre- 
vention of curled toe paralysis 


Pantothenic 

Acid 


Growth, hatchability, health of 
skin, and prevention of chick 
dermatitis 


Green grass, alfalfa meal, whole 
grains, and wheat by-products 


Green grass, alfalfa meal, milk y* 
products, some fish meals, > s 
tillers’ solubles, yeast, fermen- 
tation products, and riboflav 10 


Green grass, alfalfa meal, milk 
products, distillers’ solubles, 
and yeast 


Growth, bone development, egg 
production, and prevention of 


Growth and hatchability 


Growth, feathering 


Grains, wheat by-products, *oy' 
bean meal, milk products, m® a 
scraps, fish meal, and cholme 
chloride 


Fish meal and solubles, mea 
scraps, milk, and used or buu * 
up poultry litter and fermenta 
products. 


Liver, yeast, milk, bran, middling* 
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Water generally constitutes from 5 to 12 per cent of air-dried grains and 
other feeds fed to poultry. It is also formed in the body as an end product of 
the oxidation or burning of digested food (Fig. 8-1). These two sources sup- 
ply only a small fraction of the water needed by a bird for its body processes. 
Therefore, a liberal quantity of water should be kept before poultry at all 
times. 

The water or moisrure content of a feed or other material is determined 
by drying a weighed sample of the product and calculating the loss in weight. 

Carbohydrates. Carbohydrates are composed of carbon, hydrogen, and 
oxygen, with the latter two nearly always occurring in the same proportion 
as in water. They occur in very small amounts in animals and poultry prod- 
ucts. Carbohydrates constitute about 75 per cent of the dry weight of plants 
and grains (Table 1, Appendix). Therefore, they make up a large part of 
poultry’ rations. 

The plant manufactures carbohydrates in its leaves from water brought 
from irs roots and carbon dioxide taken from the air. Simple carbohydrates, 
such as glucose (CtH 12 O e ), are formed into more complex ones, such as 
srarch (C r> H lp O-)X and cellulose. Energy from sunlight is stored up in the 
carbohydrates. It is liberated when carbohydrates are eaten, digested, and 
oxidized in body tissues. 

Carbohydrates serve as a source of heat and energy in the animal body. A 
surplus taken into the body may be transformed into fat and stored as a 
reserve supply of hear and energy (Fig. 8-1). 

Simple sugars consist of the hexoses, or six-carbon sugars (CgH ls 0 6 ), 
and the pentoses, or five-carbon sugars (C.H, 0 O 3 ) . Glucose, fructose, and 
galactose are the chief hexose sugars found in plants. Glucose is of special 
importance in animal nutrition, for it is the chief end product of the digestion 
of more complex carbohydrates and the sugar found in the blood. The 
pentoses are constituents of more complex carbohydrates. 

Compound sugars cons is r of two or more molecules of simple sugars. 
Sucrose (C 12 H 22 0, 1 ) is one of the most common of these sugars. It con- 
sists of a molecule of glucose and one of fructose. Sucrose is found in sugar 
cane and sugar beets. Lactose is composed of a molecule of galacrose, and 
one of glucose. It is the sugar in the milk of all mammals. Maltose consists 
of two molecules of glucose. It is formed from starch in the germination of 
seeds and in digestion by animals. 

Starch (C„H, n 0 3 ) x consists of many molecules of glucose. It is stored in 
the seeds and tubers of plants as a reserve food supply. Starch is, therefore, 
an important source of energy in the feed of farm animals. The starch grains 
in different plant products differ in si 2 e and shape. An examination of starch 
grains under the microscope can be used to determine their source. This is 
often a useful method of detecting adulteration in feeds. Starch is not found 
in the tissues of animals. Glycogen, a reserve supply of carbohydrates, some- 
what resembling starch, is stored in the liver and muscles of the body. 

Fiber, or cellulose, is the woody component of the cell walls of plants. It 
is more complex chan search. Fiber is poorly digested by animals. It is 
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determined by boiling a dry, fat-free sample in dilute acid, washing free 0 
acid, boiling in dilute alkali, and washing. The dry solid residue remaining 
after all soluble material has been washed out is termed crude fiber. 

Nitrogen-free extract consists of the digestible carbohydrate portion of 3 
feed. It includes the sugars, starches, and soluble portion of the more comply 
carbohydrates. The total weight of the feedstuff minus the sum of the mo 15 * 
ture, ash, crude protein, fiber, and fat is the nitrogen-free extract. 

Fats. Fats are composed of the same elements as are found in carbohydrates, 
but in different proportions. There is much more carbon in proportion to 
oxygen in fats (stearin Cs,H 110 O e ) than in carbohydrates. When fats *** 
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oxidized or burned, the large amount of energy stored up with the carbon is 
released. Fats have about 2.25 times the heat-production value of carbo- 
hydrates. Fats serve as a reserve supply of heat and energy. Subcutaneous fat 
serves as a body insulator. 

Fats constitute about 17 per cent of the live weight of the fowl and 10 
per cent of the whole egg. The germs of grains and seeds are also rich in 
fat or oil content (Table 1, Appendix). Fats are composed of an alcohol 
(glycerin) and fatty acids. They are formed from carbohydrates m plants. 
Some fats (tallow, for instance) are quite firm and hard because of their 
high molecular weight and saturated fatty acids. Others, like chicken fat, are 
oily because of their lower molecular weight and unsaturated fatty acids. 

Ether extract, or crude fat, includes not only the true fats, but all related 
plant or animal substances soluble in ether or other fat solvents. It is de- 
termined by extracting a dr)' sample with ether. The loss in weight of the 
product after extraction is the ether extract. It includes fats, sterols, carotenes, 
chlorophyll, phospholipids, waxes, and essential oils. 

Sterols are complex alcohols found in very small amounts in plants and 
animals. Ergosterol is a plant sterol which assumes vitamin D properties 
when irradiated with ultraviolet light rays (p. 230). Cholesterol is an an- 
imal sterol found in the skin, nerves, fat, and blood. It probably aids in trans- 
porting digested fat from one parr of the body to another. When 7-dehydro- 
cholesterol is irradiated, it assumes vitamin D properties (p. 230). 

Carotene and related pigments are colored substances found in traces in 
phots and animals. Carotene is transformed into vitamin A in the body 
(p. 252). It is the yellow coloring found in yellow corn, carrots, sweet po- 
tatoes, and butter fat. Carotene is also supplied by green-colored parts of 
plants where its yellow color is hidden by the green chlorophyll. 

Chlorophyll is the green-colored substance found in all green plants. It is 
necessary’ for the formation of carbohydrates in the leaves of plants. 

Phospholipids are fats containing phosphoric acid and nitrogenous groups 
in their molecules. They are vital parts of living protoplasm. Lecithin is found 
in egg yolk, blood, and the liver. Other phospholipids are found in the brain 
and other nervous tissue. 

Waxes form a coating or bloom on the surface of plants for protection 
against weather. 

Essential oils give the plants their characteristic odors and tastes. 

Proteins. Proteins arc composed of carbon, hydrogen, oxygen, and ni- 
trogen. Some of them also contain iron, phosphorus, and sulphur. Proteins 
are widely distributed in both plants and animals (Table I, Appendix). 
They form a part of the protoplasm and nuclei of cells and are, therefore, 
essential to life. In plants the greater part of the proteins are concentrated in 
the seeds and leaves. Proteins constitute a large part of the muscles, internal 
organs, cartilages, skin, feathers, beak, scales, and toenails. The)- also occur 
in blood, nerve tissue, and bone. The chick contains about 1 5 per cent pro- 
tein, the hen 25 per cent, and the whole egg 12 per cent. 

Proteins are used for growth and repair of tissues. An excess protein eaten 
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in the ration may be deaminized and the carbohydrate portion used for heat 
and energy or transformed into fat ( Fig. 8-1 ) . 

Nitrates and other minerals entering the plant through the roots are com- 
bined with the carbohydrates formed in the leaves to produce nitrogenous 
products, including amids, amino acids, and proteins. 

Animals manufacture the proteins characteristic of their own tissues, but 
in general they cannot build them up from simple inorganic substances such 
as suffice for plants. They must depend upon the digestion products obtained 
from the proteins of their feed. 

Proteins are large complex molecules. They are insoluble in all fat solvents. 
Proteins differ in their solubilities in water, salt solutions, and alcohol. These 


differences play a considerable parr in their classification. 

Amids are simple nonprotein nitrogenous products found in growing 
plants. They are used in making amino acids. Amids cannot be substituted 
for proteins in the ration, but they may be used for heat and energy purposes. 

Amino acids are the building stones for proteins. The twenty-three or 
more known amino acids may be combined in various ways to produce many 
proteins, as the letters of the alphabet may be used to form innumerable 
words. Most of the amino acids needed in the body can be made from ni- 
trogen digestion products in the food 

Arginine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenyl- 
alanine, threonine, tryptophan, and valene are essential amino acids. They 
must be supplied by proteins fed in the ration. Therefore, care is needed in 
the selection of feeds to supply the proper kind and amounts of the es- 
sential amino acids. The occurrence of some of the amino acids in feeds is 


shown in Table 8-2. 

Enzymes are protein-like substances which aid in the digestion of foods. 
They occur in small amounts in plant products and are secreted in the di- 
gestive juices of animals. Amylase digests carbohydrates, lipase acts on fats, 
and pepsin and trypsin digest proteins. 

Crude protein is the nitrogen content of a product X 6.25. This factor is 
used because proteins contain approximately 16 per cent nitrogen. 

Minerals. Minerals, frequently referred to as ash, are essential constituents 
of both plants and animals. The ash content of plant products varies from 
less than 1 per cent in polished rice to more than 30 per cent in kelp. It con- 
stitutes 3 to A per cent of the live weight of the fowl and about 10 per cent 
of the egg. 

Minerals are used for bone and egg formation, digestion, maintenance of 
body neutrality, respiration, and elasticity and irritability of muscles and 
nerves. 


Calcium is needed for bone and eggshell formation, and for muscle action- 
Pbosphorus is a constituent of bones, egg yolk, nerves, and other tissues. Id 
the form of phosphates in the blood and other body tissues, it regulates body 
neutrality. Iron is needed for hemoglobin formation in the blood. In this 
combination, it aids in carrying oxygen from the lungs to the body tissues and 
cells and carbon dioxide from them to the lungs. Sulphur is a constituent of 



FEEDING PRINCIPLES AND PRACTICES 


227 


Table 8-2 


PERCENTAGE OF CERTAIN AMINO ACID REQUIREMENTS OF CHICKS SUP- 
PLIED BY CERTAIN PROTEIN SOURCES IF USED TO PROVIDE 20 PER CENT 
PROTEIN TO THE DIET 2 


Feeds 

Avivo Acid 

Arginine 

Lyme 

Methionine I 

Cntine 

Tryptophan 

Fish meal 

123 

180 

127 

106 

128 

Fish solubles, cond. 

72 

92 

60 

31 

32 

Meat scrap 

117 

138 

57 

74 

64 

Skim milk 

52 

' 130 

124 

69 

I2S 

Soybean meal 

126 

129 

61 

84 

149 

Cottonseed meal 

167 

1 82 

67 

114 

130 

Peanut meal 

174 

72 

44 

85 

102 

Sesame meal 

178 

58 

136 

75 

174 

Sunflowersced meal 

129 

80 

151 

91 

131 

Linseed meal 

152 

68 

76 

108 

160 

Veast 

89 

153 

79 

57 

120 

Alfalfa 

83 

100 

72 

126 

210 

Corn gluten meal 

53 

33 

106 

82 

50 

Com 

92 

44 

89 

102 

100 

Wheat 

77 

62 

58 

97 

123 

Wheat bran 

100 

74 

48 

86 

169 

Oats 

111 

S3 

67 

105 

133 

Barley 

83 

67 

63 

95 

117 

Milo 

67 

60 

71 

86 

120 


* lL J. Amnuitt. Proteins and Amine Acids in Animal .Vntruion, 4th td. 1957. U. S. lndutlrnl Chemical* Co., 
New York J, N. Y. 


essential amino acids found in the egg. Sodium and potassium are constituents 
of phosphates in the blood, which prevent excess acidity or alkalinity. They 
arc also constituents of the bile and other body fluids. Chlorine is a con- 
stituent of the hydrochloric acid, secreted in the gastric juice, for dissolving 
minerals and digesting proteins. Iodine is a constituent of the thyroid. Mag- 
nesium and manganese are constituents of bones and enzyme systems. Copper 
acts as a catalyst for hemoglobin formation. Cobait is a constituent of the 
vitamin Bj2 (cobalamin) molecule and as such is essential for both embryo 
and chick growth. Selenium, although toxic when used in greater than trace 
amounts, aids in preventing muscular dystrophy in chicks who are deficient 
in vitamin E. It also prevents exudative diathesis. Molybdenum is essential 
for growth of chicks and maintenance of xanthine oxidase in its tissue for 
conversion of purines, xanthine and hypoxanthine to uric acid. Ztnc is essen- 
tial for normal bone growth, prevention of enlarged hocks and for normal 
feathering. Traces of bromine and other yet unidentified minerals may have 
functions for poultry'. 

The mineral or ash content of a product is determined by burning a 
weighed sample. The residue is the ash. The external appearance of the ash 
does nor tell the kind, quantity, or form of the mineral elements present; how- 
ever, by laborious, and expensive methods it is possible to determine the kind 
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and quantity of mineral elements present in - °f » roe 

mineral elements in poultry feeds is given in Table 1, Append*. ^ 

Vitamins. Vitamins constitute the newest group of nutrie 
in plants and animals. They are organic substances, occurring . ^ » 

very small quantiries. Vitamins are essential for the health and "£*“5 
of animals. They must be stored in the egg along with other 

“vtomlmlTdetermined by chemical or biological tests. Thelatter may 
be made by microbiological methods or by chick- or rat-feeding • 
vitamin potency is determined by adding the product to be «ml « 
ent levels as a supplement to a bacteriological culture media or to 
ration known to be devoid of the vitamin under consideration. The resu 


„„ compared with those produced by a similar media or ration to ' 

different levels of the known vitamin have been added. . 

Vitamins were discovered by observing nutritional diseases that 
when certain foods were lacking in the ration. Since the chemica compo 
tion of the vitamins was not known at the time of their discovery, T /T 
designated by letters. There are now mote than a dozen vitamins that nav 
been studied in detail (Table &-1 and Table 1 in Appendix) . Some vitamins 
available in pure form. Other vitamins are now recognized and are e g 


investigated. 

Vitamin A. Vitamin A is a thick, pale yellow liquid at ordinary ton 
perature. At very low temperature, it occurs in pure crystalline form. ‘ ta 
min A has the empirical formula QjoH^O. It is associated with animal aw 
and is soluble in fat solvents. Vitamin A is formed in the animal body irom 
carotene and cryptoxanthin eaten in the feed. True vitamin A an t e 
carotinoid pigments from which it is formed are destroyed by prolonged heat 
and exposure to air. , 

A reserve supply of vitamin A and its precursors is stored in the liver an 
fat tissues of the body. Vitamin A is also stored in the egg, the amount e- 
pending upon the amount fed in the ration. 

Vitamin A is necessary for growth, egg production, hatchability, resistance 
against respiratory and eye infections, and normal kidney function. Vitamin 
A deficiency diseases are nutritional roup ( p. 290 ) and xerophthalmia. 

True vitamin A is abundant in the livers of certain kinds of fish. The 01 
obtained from the livers of bass, eels, halibut, cod, and tuna are the richest 
natural sources. 

Carotenes (,C iB H 56 ) are plant sources of vitamin A. The carotenes are 
yellow, fat-soluble pigments found in green plants and yellow carrots. In 
fact, the green or yellow coloring is a rough indication of the richness ot 
foods of plant origin in carotene — the more intense the coloring, the greater 
the carotene content Young, tender, leafy green or dehydrated grasses, such 
as lawn grass or clippings, and alfalfa, are good sources of vitamin A. 

Cryptoxanthin, a yellow pigment found in grasses, yellow corn, and the 
yolk of the egg, is another source of vitamin A. Additional sources are listed 
in Table 1, Appendix. 



FEEDING PRINCIPLES AND PRACTICES 


229 


The relative amounts of vitamin A and vitamin A-active carotinoids in 
foods can be measured by controlled feeding experiments with rats. Diets 
free from vitamin A, but adequate in all other respects, are fed to normal 
young rats until their body stores of the vitamin have been depleted. The 
body weights of rats that have reached this stage cease to increase and signs 
of an abnormal eye condition are apparent. 

The food being tested for its vitamin A content is then fed as weighed 
daily supplements in such quantities as will promote a rate of growth equal 
to that induced by a standard quantity of pure beta-carotene. 

The International and U.S.P. (United States Pharmacopoeia) unit of vita- 
min A is biologically equivalent to 0.344 micrograms of vitamin A acetate 
and chemically equivalent to 0.3 micrograms of vitamin A alcohol. These 
synthetic forms of vitamin A are more stable than the naturally occurring 
true forms or the precursors in the form of carotene. They are being used 
more extensively than fish oils and alfalfa as a source of A. 

Foods tested in this way may contain both vitamin A and vitamin A-active. 
carotinoids. The animal feeding tests do not distinguish between the growth 
responses due to vitamin A and these carotinoids, and for this reason the 
results are usually expressed as total vitamin A value. 

Animal feeding tests are expensive, time-consuming, and laborious. Ef- 
forts are being made to develop chemical and physical methods of testing 
the vitamin A value of foods and feedstuffs. One of these is to extract the 
sample with a fat solvent; remove the fat, vitamin A-free pigments, and other 
impurities; and compare a solution of the residue with a standard solution of 
beta-carotene by means of a spectrophotometer or colorimeter. 

Thiamin. The water-soluble, growth-promoting substance formerly known 
as vitamin B is now known to consist of several vitamins. The principal ones 
from the standpoint of poultry nutrition are thiamin, riboflavin (B* or G), 
pyrodoxine (B<j), choline, pantothenic acid, vitamin Bi», biotin, niacin and 
folic acid. 

Thiamin, also known as the anrineuriric vitamin, has been prepared syn- 
thetically in the laboratory. The empirical formula is C^Hisb^ClsSO. Thiamin 
is soluble in water and destroyed by heat in alkaline solution. It cannot be 
synthesized or readily stored in the animal body. Therefore, it must be sup- 
plied in the ration. 

Thiamin is manufactured by plants and stored principally in the germs of 
the seeds. 

Thiamin appears to play a role in the metabolism of every living cell 
in plants and animals. It is necessary for appetite, digestion, growth, egg 
production, hatchability, prevention of bacteria! intestinal infection, and the 
prevention of nerve disorders. Polyneuritis is a specific nerve inflammation 
and paralysis of poultry resulting from a deficiency of thiamin in the ration. 

Whole grains, wheat by-products, green grasses, alfalfa meal, milk by- 
products, glandular tissues, and yeast arc good sources of thiamin. Since 
this vitamin is so widely distributed in poultry feeds, there is not much 
danger of a deficiency of it in poultry rations. 
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, about 1925, in 

ivolutionized 


Vitamin C. Vitamin C is also known as ascotb.c or cewatmc a ad. 1 
is needed by guinea pigs, monkeys, and human beings, and must be s pp 
in 'their rations. Poultt?, swine, and cattle make the r own vitamin C and do 
not need to have it supplied in their rations. Therefore, a discussion of v.ta 
min C will be omitted here. 

Vitamin D. The discovery of vitamin D and its use, a 
form of cod liver oil, for the control of rickets in poultry has t 
the poultry industry. It has made it possible to rear poultry indoors 

^Compounds of plant and animal origin may be made to possess vitamin D 
properties by itradiation with sunlight or ultraviolet light. 

7-dehydro cholesterol is a sterol found in the skin and other tissu 
mals. Upon exposure to sunlight or ultraviolet light, this sterol is activat 
form vitamin D 3 . This is the form of vitamin D that predominates m animal 

and fish oils. . .. , , 

Ergosterol is a sterol found in plants, especially the fungus, erg , 
yeast. Upon irradiation by means of ultraviolet light, it assumes strong vj i * 
min D properties. Concentrated products of irradiated ergosterol are s 
under the name of viosterol, calciferol, or vitamin D 2 . It is satisfactory 

four-footed animals but has very little activity for poultry. 

Vitamin D products are closely related to fats and are associated with the 
They are soluble in fat solvents. Vitamin D is fairly resistant against de- 
struction by heat or oxidation. Vitamin D eaten in the ration may be stor 
in the body and in the egg. . 

Vitamin D is necessary for normal mineral assimilation. It prevents rickets 
(p. 296) and crooked breastbones in growing chickens. These bone ab- 
normalities are characterized by poor calcification (Fig. 9-3) and low as 
content. Vitamin D is also necessary for egg production, normal shell texture, 
and hatchability. If the hen has not stored a sufficient amount of vitamin D 
in the egg, the embryo will develop normally during the first week or so 
and then die because of inability to assemble calcium and phosphorus for 
skeleton formation. 

The vitamin D factor may be supplied by fish oils, irradiated yeast, and 
irradiated ergosterol. It may be produced in animals by exposure to sunlight 
or ultraviolet light. 

Vitamin D is determined by biological feeding tests with rats and chickens. 
The International unit is the calcifying activity of .025 micrograms or 
irradiated 7-dehydrocholesterol (vitamin Dj) for the rat. 

The US.P. unit is identical with the International unit; but as a standard 
of reference, a cod liver oil is used that has been carefully standardized 
against the international standard calciferol. 

The I.C.U. (International Chick Unit) of vitamin D is the calciur° 
depositing efficiency for the chick of a US P. unit of cod liver oil. VitanuQ 
D products that are to be fed to chickens should be tested on chicks rather 
than with rats. These two species of animals do not respond alike to ah 
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vitamin D products. For instance, an International unit of cod liver oil is 
several times as potent as a unit of calciferol for the chick. 

Alphatocopherol (vitamin E) is a solid alcohol. It is soluble in fat solvents 
and found in the nonsaponifiable fraction of the fat extract. As it occurs 
naturally in feeds, it is fairly resistant against beat and oxidation. 

Alphatocopherol is necessary for reproduction and the prevention of muscle 
degeneration. Embryos die during the first day or so as a result of disinte- 
gration of the circulatory system when vitamin E is lacking in the ration and 
subsequently in the egg. There are also abnormal cell proliferation and 
hemorrhage in young embryos as a result of vitamin E deficiency. The testes 
in males undergo degeneration when the birds are deprived of vitamin E for 
several months. A deficiency of vitamin E or the presence of rancid fats, 
which destroys it, results in nutritional encephalomalacia (p. 295). 

Vitamin E is widely distributed in poultry feeds. Poulrry rations will 
generally contain ample quantities of it. The oil from germs of grains, espe- 
cially wheat germ oil, wheat by-products, grains, green grass, and alfalfa meal 
are good sources of vitamin E. 

The presence of vitamin E in feeds may be determined by feeding dif- 
ferent amounts of them to rats on vitamin E-free rations and observing 
their ability to produce living young. 

Riboflavin. Riboflavin has also been known as vitamin B 2 , G, or the 
growth vitamin. It has been produced in pure, yellow orange, crystalline 
form from egg white, milk, and other plant and animal sources. In solu- 
tion, riboflavin has a greenish-yellow fluorescence. Its empirical formula is 
Riboflavin is stable at temperatures at which Bj is destroyed. 
It is water soluble, gradually destroyed by light, and easily destroyed at high 
temperatures in the presence of alkali. 

Riboflavin is stored in the white of the egg for the develnpment of the 
chick embryo. It gives the albumen its slight greenish-yellow opalescence. 

Riboflavin is essential for cellular oxidations. It is necessary for growth 
and hatchabifity. A deficiency of riboflavin in the egg results in ear/y embryo 
mortality. It is also necessary for preservation of health of peripheral nerves 
and the prevention of the acute neuromalacia and the less acute "curled toe 
paralysis." 

Sources of riboflavin for poultry are milk whey, yeast, liver meal, alfalfa 
meal, and green grass. Additional sources ore given in Table 1, Appendix. 

Riboflavin content of feeds is determined biologically with rats and 
chickens, and chemically by measuring the fluorescence in concentrated ex- 
tracts. It may also be determined by microbiological methods. 

Vitamin Bj 2 (APF factor) (cyanocalbamin). This is one of the B- 
complcx vitamins which was first found in animal tissue and excreta. Hcncc, 
the name animal protein factor (APF). It is now known that vitamin B J2 
and other as yet unidentified factors may be synthesized by a number of 
microorganisms. Vitamin Bi= is necessary for growth, normal feathering, and 
hatchability. Good sources are fish products, packing house by-products. 
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animal faces, used poultry house litter, yeast, and microbiologiod fermenta- 
tion products. Methionine, choline and pantothentic acid have vi 

"tSSZ Vitamin K is aUo known as *e an.ihemo.ha g ic vtomia 

It is a fat-soluble product which was first extracted from alfalfa. 1 
been oteoated synthetically. Vitamin K is a naphthoquinone. Menadione 
sodium bisulfite is a commercial source. It is destroyed by oxidation, su - 
light, and strong alkalis or acids ... . , , , . j.fi r i„„nj of 

Vitamin K is necessary for the normal clotting of blood. A 
the vitamin results in internal, subcutaneous and mtramuscuUr hemorrtuges 
and delayed clotting time of the blood. I. also results '“Weeding from the 
pinfeathers, internal hemorrhage, and greater loss of blood result g 

cannibalism. , 

Vitamin K is found in green grass, alfalfa meal, fish meal, and mea p- 
Choline. This vitamin is a constituent of complex fats. It is used 
growth, normal bone development, fat metabolism, egg production an 
prevention of perosis (p. 298). Liver meal, fish meal, yeast wheat germ, 
soybean meal, tankage, meat scraps and distillers solubles supply choline. 

Pantothentic acid. This vitamin is necessary for growth, feathen g, 
hatchability and prevention of chick dermatitis. 

Nicotinic acid. This vitamin is necessary for growth, feathering, an 
normal intestinal tract (p. 222). 

Biotin and Pyrodopine (B 0 ). For normal metabolism and growth. ^ 
Inositol. This water-soluble vitamin is found in nearly all plant and an 
tissue, including the egg and chick. The chick may be able to synthesize & 
vitamin from the ration. , 

Folacin (folic or pteroylglutamic acid) is necessary for growth, the no. 
development of feathers, and prevention of a type of anemia in chi - 
It is necessary for the synthesis of nucleic acid derivatives. Feeds norm y 
fed in poultry reactions supply an adequate amount of folacin. 

Other vitamins (unidentified factors). Some nutrients, as yet unidenti 
fied, are essential for growth and hatchability. The "fish factor ” is one of thcffl- 
It occurs in fish solubles, fish meal, liver meal, and certain fermentation pr 00 
ucts. The whey factor is found in whey products, yeast, distillers, and fermen 
tation solubles. The grass juice factor occurs in green grass, alfalfa, an 
fermentation products. The egg factor is essential for growth. It occurs in 
yolk. The above factors may owe their nutritional value, in part at least, to 
their trace mineral content. 

Enzymes. Enzymes occurring in grains or supplied in dry form from cer- 
tain fungi sources may be used to increase the feed efficiency of grains, 
especially certain strains of barley. 


Chemical Feed Additives 

There are a number of substances, which when added to rations in minute 
amounts and under certain conditions of stress, promote growth or egg P 10 * 
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duction and improve feed efficiency. They do not act as nutrients but control 
microorganisms and influence metabolism in such a manner that the nutrients 
may function more efficiently. Since chemical additives are used in very 
small amounts, they need to be thoroughly premixed before being mixed in 
rations. 

Premixing should be used when ingredients, vitamins, amino acids, drugs, 
hormones, or other substances are added to rations at less than one per cent 
level. Many of these substances are already premixed when purchased. How- 
ever, they are usually added to rations in such small amounts thar further 
premixing is desirable. 

Microgram amounts of nutrients are first thoroughly mixed in 0.5 to 1.0 
pound of a suitable carrier, usually corn meal or soybean meal. The primary 
mixture is then added to about 10 to 20 additional pounds of the carrier and 
again thoroughly mixed before being added to the large batch of feed being 
mixed. 

Several of the small quantity ingredients may be incorporated in a single 
premix. Care must be taken so that ingredients incorporated in a premix 
do not react with each other and result in destruction of their potency. A 
premix of trace minerals is generally made and a separate one for vitamins 
and amino acids. 

Antibiotics are specific chemical agents produced by microorganisms 
such as yeasts, molds, and bacteria. They are used to combat infection either 
by preventive or curative procedures. Antibiotics fed at a level of 2 to 10 
grams per ton of feed stimulate early growth of poultry not maintained in 
a germ-free environment. Since they stimulate growth rate and improve egg 
production under conditions of stress, they aid efficient feeding. Antibiotic 
feeding recommendations are indicated in Tables 8-7 and 8-11. 

A large number of antibiotics have been discovered, studied, and used in 
poultry feeds since 1950. Those most widely used in poultry rations are au- 
reomycin, rerramycin, penicillin, bacitracin, and srrepromycin. They require 
thorough premixing before use in feed. Antibiotics should be used ac- 
cording to the directions of the manufacturers. 

Arsenicals. Arsonic acid (3-nitro, 4-hydroxyphenylarsonic acid) and ar- 
sanilic acid (para-amino phcnylarsonic acid) are used in a similar manner as 
antibiotics to promote growth and increase egg production under stress. Ar- 
sonic acid is usually used at 45 grams per ton and arsanilic acid at 90 grams 
per ton. The arsenicals require thorough premixing before use in feed. 
Arsenicals should be used according to the directions of the manufacturer. 

Nitrofurans. Furazolidone (NF-1S0) and nirrofurazone are sometimes 
fed in poultry rations at low levels (15 to 50 grams per ton) to protect 
against disease under conditions of stress. They act like antibiotics and ar- 
senicals by being effective against many microorganisms and at times improve 
growth rate, egg production, and feed efficiency. 

Hormones. Diethylstilbcsterol pellets implanted underneath the skin 
(p. 177) or the use of 30 mg. dienestrol diacetate per pound of feed about a 
month before young poultry is marketed, improves the finish by increasing 
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the fat content. Hormones are not very effective in increasing weight gains 

an TmnqS? Tranquilizers are dnags which allay anxi«y and tension 
without necessarily deadening pain or inducing sleep. R ““P ,ne ““ ^ 
level (1 to 25 grams per ton) may reduce fighting, cannibalism, feathe 
inn, and other faults. The beneficial effects of this drug, tetrahydrowhne^ 
others may prove of value in promoting weight gains and feed efficiency 
Antioxidants. Butylated hydroxytoluene (BHT) or butylated h > 
vanisole (BHA) added ro fats, alfalfa, and mixed feeds at low levels ( - 
to 0025 per cent) retards the development of fat rancidity and the destru - 
tion of fat soluble vitamins. The antioxidant should be thoroughly incorpo- 
rated in a fine, textured premix before incorporation in a feed or ration 

(p. 233). 


Metabolism 

Metabolism is here used to designate all of the processes undergone by a 
food from the time it enters until it leaves the body. 

Digestion 

Digestion is the disintegration of feeds into simple nutrients in the in- 
testinal tract for absorption and use by the body tissues. It involves a series o 
mechanical and chemical processes and is influenced by many factors. 

Feed intake and storage. The feed is picked up with the beak and swal- 
lowed. It is stored in the crop (Fig. 3-4) until it can be ground and mixed 
with digestive juice from the glandular stomach, and ground in the gizzard. 

It is a common belief that hard insoluble grit is necessary, or at least de- 
sirable, in the gizzard for the grinding process. Experimental data are con- 
flicting on this point. In fact, the presence of hard insoluble grit and foreign 
material in the gizzard may take up valuable space and interfere with the 
grinding process and the passage of the ground feed. 

Digestion of carbohydrates. As the ground feed passes from the gizzam 
into the duodenal loop, pancreatic juice is secreted from the pancreas into 
this region of the intestinal tract. At the same time, alkaline bile salts, pro- 
duced in the liver and stored in the gall bladder, are abo secreted into the 
duodenal loop. The bile salts neutralize the acidity of the intestinal contents 
in this region of the intestine and produce an alkalinity. Three digestive en- 
zymes are secreted in the pancreatic juice. One of these is amylase, which 
breaks starch down into disaccharides or complex sugars. As the food passes 
along into the small intestine, sucrase and other sugar-splitting enzymes, 
secreted in thb region, further hydrolize or digest the compound sugars in* 0 
simple sugars, chiefly glucose. Simple sugars are the end products of the 
digestion of carbohydrates. 

Starches and sugars are easily digested by poultry, while the pentosans 
and crude fiber are poorly digested (Table 4, Appendix). The intestinal 
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tract in the chicken is so short and the passage of food through it is so rapid, 
that bacteria have little rime to work on the complex carbohydrates. 

Digestion of fats. The bile salts from the liver emulsify the fats in the 
duodena] loop. They are then acred upon by an enzyme, lipase, a product 
of the pancreatic juice. The fats are digested or broken down into fatty acids 
and glycerol. These are the end products of fat digestion. 

Digestion of proteins. While the feed is being ground and mixed in the 
gizzard, the pepsin-hydrochloric acid mixture breaks some of the proteins 
down into less complex fractions as proteoses and peptones. 

While fats and carbohydrates are being digested in the duodenal loop, 
trypsin from the pancreatic juice breaks down some of the proteoses and 
peptones into still simpler products— amino acids. Erepsin, secreted in the 
small intestine, completes the digestion of protein split products into amino 
acids. These are the end products of protein digestion. 

Digestion of minerals and vitamins. Minerals are dissolved rather than 
digested. Many of them change from the solid to the liquid form in the 
gizzard. Oyster shell and limestone grit, for example, are dissolved in this 
region. 

The digestion and metabolism of vitamins in the body are not well un- 
derstood. Carotene, the precursor of vitamin A, is transformed into true 
vitamin A in the liver. The bird manufactures vitamin C from digested feed 
fragments, in the body. Cholesterol in the skin is transformed into vitamin 
D by exposure to sunlight or ultraviolet light. 

Rate of digestion. Digestion is rapid in the chicken. The time required 
for food to pass from the mouth to the cloaca is about two and one-half 
hours in a laying hen. The rate of passage is much slower (eight to twelve 
hours) in birds out of production. 

Absorption and Assimilation 

Absorption of nutrients. The digested nutrients pass through the in - 
testinal wall into the blood stream. Most of the absorption takes place from 
the small intestine. The surface for absorption is greatly increased by the 
presence of innumerable villi or finger-like projections. 

Digested nutrients in the form of simple sugars, amino acids, and dissolved 
minerals pass through the wall surface into the blood capillaries. The method 
or methods by which the materials pass through the intestinal wall arc not 
well understood. 

Digested fats pass through the intestinal wall into the kjctcals of the 
lymphatic system. Here again, they form neutral fats. The fats in the lymph 
are more like body fat than like that of the feed eaten. The fats pass along 
with the lymph and enter the venous blood stream near the heart. 

Transfer of nutrients. The digested nutrients, entering the blood stream 
by way of the capillaries in the intestinal wall, arc collected in the portal 
vein. It transports blood and the absorbed food nutrients to the liver, on 
their way to the heart. 
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As the digested nutrient pass through rhe «£*£ liver, most 

of the glucose is transformed into glycogen (Fig. ^ 


and muscles. Some amino acids and ni.rogenousjroduas of .issue metabolism 


and muscles, some ammo us-iuj -i fnrtions are 

ate deaminized as they pass through the liver. The 

made available for heat and energy purposes and the n, “°S e soroe 

are transported to the kidneys for elimination. The liver also rem „ 


are transported to the Kinneys ror * . llow 

of the fat from the blood stream for storage. This accounts for P*J fwm 
livers in fat birds and newly hatched chicks. Many impurities 


livers in fat birds and newly natcnea uuu 5 . — r---” ^ celk ^ 

the intestinal tract into the blood stream are retained by h j„h 

the blood passes through its capillaries. In case of absorbed poisons, a n g 
concentration of them is usually found in the liver. , - 

The blood, carrying the digested nutrients, passes from the h 7 £ 

of the hepatic and postcaval veins to the heart. It passes from 
the lungs, where carbon dioxide and water are given off and oxygen 
in. The blood is returned from the lungs to the heart, and is then p 
out through the arteries to all of the tissues of the body. , . 

The digested nutrients pass from the capillaries to the lymph w ic 
the tissue cells. The lymph serves as a medium of exchange ^ >env ^" 
capillaries and the tissue cells. It carries digested food to the cells an 
products from them. „ , heat 

The assimilation of nutrients. Glucose is burned in the cells to 
and energy production, the end products being heat or energy, cat n ^ 
oxide, and water. The process may be represented by means of a cheroi 
equation, thus: 

CeHi 2 0« + (SO, = A + 6 CO 2 + 6H =° 


Oxygen 


Carbon 

dioxide 


An excess of digested carbohydrates, over and above thar stored as gl) cc> ' 


gen, is transformed into body and egg fat. . 

Fats are gradually removed from the blood stream and stored as adipos 
tissue mainly, under the skin in the abdominal region, along the intestines, 
and in the egg. They serve as a reserve supply of heat and energy. I Q case 
of inadequate food supply, as soon as the glycogen is used up, the fats ar 
burned with the same end products as formed by the burning of car 
hydrates. As long as fats are present, the proteins are protected from con 


sumption. , 

Amino acids, absorbed into the blood stream, are used to build new bony 
tissues, rebuild worn-out tissue, and to form the white and much of the y° 
of eggs Excess amino acids may be used for heat and energy purposes or 
transformed into fats. 


The carbohydrates and fats ate preferable to proteins for the production 
of heat and energy because they are cheaper. Their digestion and metabolism* 
including the excretion of the resulting waste products, require less work 00 
the part of the body than is required by protein food. 
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Minerals absorbed into the blood stream are transformed into bone, put 
into the shell and yolk of the egg, and used in the blood. There is also some 
storage of excess minerals taken into the body. 

Vitamins are stored in the liver and in the egg, and to a lesser extent in 
other tissues of the body. There appears to be greater storage of the fat- 
soluble than of the water-soluble vitamins. 

Energy Vrodtiction 

Energy is required for all of the body processes, such as digestion, assimila- 
tion of food, elimination of waste products, the heart beat, respiration, body 
movements, and maintenance of body temperature. It is supplied by the feed 
eaten. 

Gross energy. The gross energy value of any feed for the animal de- 
pends on the amount of energy that it will furnish when burned. It is de- 
termined by burning a weighed sample in pure oxygen gas under pressure 
in an apparatus known as a calorimeter. The heat given off is taken up by wa- 
ter surrounding the combustion chamber and is measured with an exceedingly 
accurate thermometer. 

The unit of measurement employed in measuring heat and energy is the 
calorie (c). It is the amount of heat required to raise a gram of water 1° C. 
A large calorie (C) is equivalent to 1000 small calories (c). A therm (T) 
is 1000 large calories. 

The gross energy of one hundred pounds of various substances when 
burned is as follows: 


Corn meal 180.3 

Linseed meal 210.3 

Pure digestible protein 263.1 

Pure digestible carbohydrates 186.0 

Pure digestible fat 422.0 


Digestible protein yields considerably more heat than a similar weight of 
carbohydrates. Fat yields more than twice as much energy as a similar weight 
of carbohydrates. 

Available energy. The available energy of a feed is the gross energy minus 
the energy Josr in the feces, urine, and combusrible gases. Ir is determined by 
placing the animal in an apparatus known as a respiration calorimeter ( Fig. 
S-2), and keeping records of the feed eaten and of the feces, urine, and 
combustible gases given off. The gross energy of samples of the products are 
determined and from them the available energy is calculated. 

Net energy. The net energy of a feed is the available energy minus the 
energy lost in the svork of digestion. The work of digestion includes the 
energy required for grinding in the gizzard, intestinal contractions for moving 
the food, secretion of digestive juices, and increased work of the heart and 
lungs resulting from these processes. 
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ing, digestion, and assimilation of food, a fa*“ s follows the 

speeding up of general metabolism m the bod), is at once 

consumption of food. It has been found that the rate of •**««“ 
increased when nutrients are absorbed from the digestiy . , , 

mealls a result, more heat is produced. " 

is sometimes called the "specific dynamic effect of the f pod o umen^. ^ 
The net energy of a feed is used first of all to meet daily ma ^ 

These include the work of the heart, lungs, and other organ , of net 

done by the muscles in producing body movements. Any s rp 

energy may be used for growth, fattening, or egg production. thc 

Metabolizable energy of a feed is the gross energy of the ^ 

amount lost in the feces and urine. It may be calculated according 
lowing formula (Hill and Anderson, 1958) . . ,. er2y 

Metabolizable energy (per gram of feed) equals the energy in S 

in the excreta minus 8.22 N. It is assumed that protein tissue, « Ae 
energy purposes, would yield uric acid as the sole excretory P r uc *’ .. 
value 8.22 is the energy of uric acid per gram of nitrogen. Meta 1 
energy gives a better measure of the energy value of a feed than the P 
tive energy, because it is not influenced materially by level of feed i 
rate of growth, or nutrient balance in the diet. ? 

Productive energy ( net energy) is that part of the total energy consu ^ 
minus the portion estimated as necessary for body processes (d'g^ 1 ’ 
respiration, heart beat, heat production, etc.). It is the portion availa e ^ 
tissue growth or fat deposit. It is determined by carcass analysis and use 
the following formula: 


WM + G = FX 


Where W is chick weight; M is the maintenance requirement pet 
weight; G is the energy gain computed from carcass composition; F 15 
food intake; and X equals productive energy value of the diet per _ 
weight (Hill and Anderson, 1958). The estimation of maintenance requtt^ 
ments is subject to considerable error. One of these is the difficulty in de 
mining digestibility of feed with chickens ( p. 234 ) . Productive^ energy 
calculations are less valuable than metabolizable energy determinations 
measuring the true energy value of a feed. . < 

Basal heat production. The heat produced by an inactive fasting anuu 
is known as the basal heat production. By measuring the oxygen consumpi l0f | 
and the carbon dioxide elimination, it is possible to estimate the basal h^ 3 
production and to determine the kind of tissue being oxidized. 

The volume of carbon dioxide produced divided by the volume of o*y S 60 
consumed is known as the respiratory quotient (R.Q.). The respir 3 j 01 7 
quotient of carbohydrates is I, fats .7, and proteins between .7 and 
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counur M. H. M1TCHIIL, uxivojitt or ItVIROI* 


Fig. 8-2- An apparatu* u»ed fo meajure the oxygen comumption and carbon dioxide and 
heat production of a bird. The bird 1* confined in the chamber at the right. The air i* drawn 
through chemical agents before and after it leaves the chamber in order to absorb various 
constituents. The volume of air is measured by the air meter at the left. 

The determination of the respiratory quotient and basal heat production are 
useful in studying nutritive requirements and in the diagnosis of disease. 

The critical temperature. The critical temperature is the environmental 
temperature below which the heat produced by the normal body processes 
is no longer sufficient to maintain the normal body temperature. When the 
environmental temperature drops below the critical temperature of the bird, 
it must use food primarily for the production of body heat. In the absence of 
food, it must oxidize body tissues for this purpose. Experiments conducted 
at the Illinois Agricultural Experiment Station have shown that the critical 
temperature of the inactive fasting hen is 62° F. If the hen is in production, 
has access to feed at all times, and is free to move about, the critical tempera- 
ture is lowered to 15° F. 


Excretion 

Excretory products include materials which have not been digested and 
waste products resulting from body metabolism. 

The fcccs. The feces includes indigestible food, intestinal bacteria, diges- 
tive juices, bile, worn-out intestinal lining tissue, and mineral material re- 
sulting from body metabolism. 

Some of the unabsorbed and undigested contents of the small intestine 
back up into the ccca. A little absorption may take place here. The ceea con- 
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tract and force the material out into the large 

the undigested food passes along through the large Int “ t "«' 5 b 

water ^reabsorbed fnto the body circulation. Tbe und.g«tdl ^tettsd t| 
voided from the large intestine into the cloaca and from t 

the -nte mixture of feces and urine voided by birds is known as !t 

tains about 1.44 per cent nitrogen, .99 per cent phosphor, cac^and ?^ 
cent potash. A hen will produce about forty-three pounds of manure ) 

nitrogenous waste products and 

as the blood passes through the capillaries of the kidneys. The mater P*?* 
from the kidney through the ureters to the cloaca, where it is excretea 
the cloaca as urine. As the liquid urine passes along through th ’ 

in the region of the large intestine, much of the water in it is reabsor 
the body circulation. The urine is generally a white pasty materia w 
mixed with, and coats, the droppings. v* in the 

About 65 per cent of the urinary nitrogen excreted by birds exists 
form of uric acid. Other constituents include purine nitrogen, 9-6 p« ’ 


urea, 6.5; ammonia, 7.5; creatine, 4.5; and allantoin, 3-8- 

A hen probably secretes 700 to 800 cc of liquid urine from the kidne) 
every twenty-four hours. Much of the water is reabsorbed so that very i 
liquid urine is eliminated from the body. . j 

Carbon dioxide and water elimination by respiration. A five-potm 
hen will exhale about fifty-two liters of carbon dioxide every twenty- ° 
hours. This will vary greatly, depending upon the activity and egg product! 
of the bird. . . e 

The water elimination of a hen per day is about .37 pounds by way ® . 
excreta and .09 by way of the lungs. This also will vary within wide 
depending upon the temperature, activity of the bird, kind of ration red, 
the rate of production. 


'Determination of the Value of Feeds 

There are several methods used for judging the value of feeds. These * n ^ 
elude chemical and microscopic analysis, digestibility, energy value, 
biological value for growth and reproduction. .. 

Chemical analysis of feeds. Chemical analysis of feeds and rations te _ 
the amount of the different groups of nutrients present. Such analysis a ’“£* n 
judging their food value; however, it is by no means the final answer. 1 
usual chemical analysis of feeds includes moisture, crude protein, ether extra** 
(fat) , crude fiber, and ash. , 

The crude protein analysis gives the amount of nitrogen present in a ‘ . 
and indirectly the crude protein (p. 225). It does not show the source 0 
the protein or the kinds and amounts of essential amino acids present. Jus* 35 
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a chain is no stronger than its weakest link, a protein feed is no better than 
the smallest amount of an essential amino acid which it contains. Therefore, 
crude protein content of a feed does not give much information regarding its 
protein value. The feeding value of protein feeds is now determined by 
nitrogen retention or growth studies (p. 242). 

The ether extract or crude fat analysis includes all of the substances soluble 
in fat solvents (p. 225). Most state laws require a statement of the minimum 
fat content. Some of the fatlike substances are unpalatable and poorly di- 
gested, while others become rancid and cause destruction of vitamins present 
in feed mixtures. 

The crude fiber analysis is of value (p. 223). Crude fiber is poorly digested. 
Very little fiber is utilized by poultry. The contents of coarse, stemmy ma- 
terials, hulls, and other woody materials are determined by crude fiber analysis. 

Ash oc mineral analysis is of some value (p. 227). It gives the amount bur 
not the kind of mineral elements present or the forms in which they exist. 
Mineral elements may be determined by chemical analysis. The procedures 
are ofren expensive and time-consuming. Spectrograph ic analysis, which is 
now being used on an extensive scale, greatly shortens the time required to 
determine the kinds and amounts of mineral elements present in ash. 

Chemical analysis is not a very satisfactory means of determining some of 
the vitamins present in a feed. 

Microscopic analysis of feeds. Microscopic analysis is of value in de- 
termining the presence of ingredients in mixtures. It may be used for check- 
ing claims made for the presence of ingredients in mixtures. It may also be 
used to detea adulterants and foreign substances in feeds and mixtures. 

Within certain limits, microscopic analysis may be used to estimate the 
quantities of ingredients in mixtures. It is of little value in determining the 
quality of ingredients or mixtures. Two substances may have the same chemi- 
cal analysis and look alike under the microscope, yet vary greatly in feeding 
value. 

Microscopic analysis is an aid and supplement to chemical analysis in de- 
termining the value of a feed. Other determinations need to be made. Chemi- 
cal and microscopic analyses do not give the amino acid, mineral element, and 
vitamin content; the payability; digestibility; or value of the feed for main- 
tenance, growth, egg production, fattening, or reproduaion (hatchability). 

Biological analysis of feeds. Biological analysis of feeds involves feeding 
rests with animals. They may be made in the laboratory’ with small animals 
such as chicks or rats, or with larger animals and poultry flocks under praaical 
farm conditions. Biological analyses include studies of payability, digestion, 
balance experiments, energy metabolism, and effects of feeds on growth and 
reproduction. 

Pah tab i Jity of feeds. Palarabiliry is the first facror determining the 
biological value of a feed. If a feed is not consumed readily, it cannot be ex- 
pected to produce good growth or produaion. Unpalatable feeds do not stim- 
ulate normal intestinal movements and secretion of digestive juices. They 
have a tendency to remain in the crop longer than palatable ones. 
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A bird probably chooses food by sight and touch more than by s meU and 
taste. Whole grains are mote palatable than finely ground ones. ^ Wheat s 
more palatable than the other cereal grams. Coarsely g roun ^“ Py 
ferred to finely ground material. Freshly ground grants ate more palatable 
than stale ground grains. Moist mash is more palatable than dr J 
protein feeds, such as milk, meat scraps, and fish meal ate <*<«> “■ 7 

than vegetable protein feeds, such as soybean, cottonseed, and lmseec 
Digestibility of feeds. Feeds must be digested before they can 
blood stream and be transported to the tissues. Furthermore, the tiss ?* 
can utilize nutrients only in the form of the simple end products of ig 


^ *Ae urine and feces are excreted together. The crude protein in the urine 
has been digested. It results from the breakdown of protein material in 
processes. Troubles are encountered in separating the urine and ec s 
digestion trials with poultry. 

The coefficient of digestibility is the percentage of a feed or nutrient 
sumed that is digested. For example, if 100 grams of corn are consum 
10 grams are excreted by way of the feces, the amount digested is 10 
or 90 grams. This amounts to 90 4- 100, or .9 digested; or in terms o p& 
centage, .9 X 100 = 90, or 90 per cent is the coefficient of digestibility- ^ 
The digestibility of each nutrient is figured separately. They are then t 
taled in order to get the total digestibility of the feed. To calculate 
digestibility of a mash feed, determine the number of pounds of f 

nutrients in the quantity of each feed used and then total the feeds and t eir 
digestible nutrients. . 

The digestibility of nutrients in some poultry feeds tested with chick 
is given in Table 4, Appendix. 

Factors influencing digestibility of feeds are important. Young and heahy 
animals digest feed better than old or sick animals. A given quantity or t 
fed in small amounts at a time is digested more efficiently than when 
one time. Animal feeds are generally digested better than plant feeds be 
cause they do not contain fiber, which must be disintegrated so that the diges 
tive juices can attack the nutrients. High temperature used in the processing 
and drying of certain feeds generally reduces their digestibility. Combinations 
of feeds fed in a mixture influence the digestibility of each of the ingredients- 
It is believed that certain feeds — tnilk, for instance — create a more favorab e 
environment for useful intestinal bacteria. These, in turn, bring about m orc 
complete digestion of the feed. 

Retention value of feeds. The value of feeds is sometimes measured by 
balance experiments. Records are kept of the intake and outgo of certain ele- 
ments during a definite period of time. For instance, the biological value ot 
proteins for growth of chickens has been measured by nitrogen balance ex- 
periments (Fig. 8-3). The test periods are generally of short duration. They 
do not measure the value of the feed for extended periods of growth or tor 
rcproduct ion and health. 

Energy- value of feeds. There are other losses that must be taken into con- 
sideration, in addition to feed that is not digested. These include the energy 
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cootrciT «. r. mini 

Fig. 8-3. Cag« uted in nltrogen-balanca experiment* with feeder specially deiigned to pre- 
vent wastage. 


lost in grinding and mixing, digestion, and absorption. Various types of 
respiration apparatus and respiration calorimeters have been designed to 
measure these Josses (Fig, 8-2). The more complere type of respiration ap- 
paratus is an air-tight chamber in which the animal is placed. This is so 
equipped that all of the air entering the chamber and leaving it can be ac- 
curately measured and analyzed. All food, feces, and urine arc likewise care- 
fully weighed and analyzed. 

The amount of carbon and nitrogen stored or lost can be measured. From 
this information, the amounts of body protein and fat that have been stored 
or lost can be computed, and likewise the gain or loss in energy. 

Limitations of net energy values are worthy of note. The net energy value 
of a feed does not measure its value for maintenance. For instance, roughages 
have low net energy values. They are much better for the production of body 
heat than for the production of fat. 

Net energy values arc far more expensive to determine than total digestible 
nutrients. The latter give a fair idea of the value of a feed for heat produc- 
tion. 

The net energy values differ with different species of animals. For instance, 
studies at the University of Illinois have shown that the net energy value of 





corn grain for chickens is 228.5 therms per 100 pounds. This is 52 per 
higher than the net energy value of the same grain for fattening cattle. 
The net energy values of feeds are higher when scantily fed than w 


fed liberally. 

A deficiency of vitamins and certain amino acids in a ration reduces 


its 


net energy value. , 

Growth value of feeds. The value of a feed as determined by £ r0W 
studies shows what a feed will do. This is often measured in the laboratory 
by feeding tests with rats and chicks. Tests made with rats give an indicanoa 
of results that may be expected when the feed is fed to other animals. F 
tests need to be made with the animals for which the feed is intended, lh 
ferent species of animals do not always respond the same when fed the same 
ration. For instance, the chick and the rat do not need vitamin C, while 


does need it. 

The number of chicks required per lot to show growth differences in tw0 
feeds will depend on the differences to be shown. Where there is quite a no- 
ticeable difference in feeds, twenty or twenty-five chicks are sufficient. Wber c 
there is very little difference many more chicks are required. 

The length of the feeding trial for growth studies of chicks is usually eigne 
weeks. Almost all nutritional troubles will show up in this length of tun*. 
Tests have shown that differences in lots of chicks at four weeks of age ' w ’ lU 
usually remain so at eight and sixteen weeks. Birds are more sensitive to 
growth factors in feeds early in life than later on. . 

The age of the chick influences the rate of growth. There is an early peri 011 
of increasing rate of growth (the first eight to sixteen weeks) and a k ter 
period of decreasing me ( Fig. 8-4 ) . If early growth rate is inhibited by 
protein levels or other causes, the later growth rate will be greater 
normal. 

The amount of feed consumed is another important factor governing 
rate of growth. The older the bird during the growing period, the grea teI 
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Fig. 8-5. Amount of feed govern* growth. 


the proportion of feed eaten that is used for maintenance and the smaller the 
proportion used for growth (Fig. 8-5). Each succeeding 1000 grams of feed 
eaten by young chickens results in about 9 per cent decrease in the amount of 
gain secured. The rate of growth is more a function of food intake than time 
when birds are fed good rations. One may predict the live weight better than 
the age of chicks any time during the first six weeks by knowing the amount 
of feed consumed. 

The protein level of the ration influences the rate of growth of chicks. 
Birds fed a high protein ration make faster earlier growth than those fed 
a low protein ration (Fig. 8-6). Those fed a Jow protein radon make faster 
growth later in life. 

The vitamin content of the ration, especially riboflavin and B 12 , influences 
the rate of growth. 

Reproduction value of feeds. The final test of the value of a feed is its 
efficiency for growth and reproduction through succeeding generations. If 
growth, health, and reproduction are normal through one generation, they 
will generally remain so during succeeding generations. 

In the case of poultry, it takes a better feed to produce hatchable eggs than 
merely to produce eggs. This is to be expected since the hen must store all 
the nutrients for the development of the embryo in the egg. If an inadequate 
Supply is stored, the embryo will develop for a time and then die. 

Some feeds arc satisfactory for maintenance but not for growth or egg pro- 
duction. Others are satisfactory for growth and egg production but not for 
ha reliability. However, a feed that produces good ha reliability is satisfactory 
for maintenance, growth, and egg production. 

Poultry Feeds 

The feed cost amounts to about 60 per cent of the total cost of poultry pro- 
duction. The results obtained arc largely dependent upon the rations and how 
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they ate fed. The value of a ration is determined by the kind, quality, and 

“Tuw'd^ptt of their feed directly from plant sources and part in- 

di ^ mafbell^Wimo five principal B roups, Spending u^ 
primary p urposes for which they are fed. These groups are carbohydrate, 
protein, mineral, fats, and vitamin feeds. 


Carbohydrate Feeds 

Carbohydrate feeds constitute about 70 to 80 per ce 
They are used primarily for heat, energy, and fat prod 
drate feeds are produced easily, are readily available, 
contain other nutrients in addition to carbohydrates or 
(Tables 1-3, Appendix). They are deficient in certain 

minerals, and vitamins. . ; n 

The cereal grains are the chief carbohydrate feeds. They are much 
composition and feeding value. The amounts of different grains m _ ratt 
may be varied within wide limits, depending upon price and aval a i /• 
Grains are graded according to moisture content, weight per bushel, sou 

ness of kernels, and freedom from foreign seeds and dirt. j ■ the 

Corn. Indian corn, or maize, is the chief cereal grain produced in 
United States. It produces better yields than the other grains, is easily g r0 * 
and is well liked by domestic animals. Corn is high in nitrogen-free 
chiefly starch, and relatively high among the cereal grains in fat. It is 1°* 
protein and mineral content. The two chief types of corn fed to livestock at 
dent and flint. They have about the same feeding value. Flint corn is l' 3 r et 
than dent corn. Hybrid corn has largely replaced open-pollinated corn 
cause of greater yield. However, its protein content is lower. # 

New corn that is well matured at husking time, should not contain m 
than 20 or 25 per cent moisture. It is satisfactory for poultry-feeding P ur 
poses as soon as it is dry enough to shell. The feeding value of new corn pc 1 
pound as purchased becomes greater as it becomes drier. 

Shelled corn may spoil, when stored, if it contains more than 14 to 15 ¥& 
cent water. 

Ground corn generally has about the same feeding value as whole corn- 
Some of the whole corn is used by the animal for energy for grinding, ther / 
lowering its net feeding value Ground corn has a tendency to dry 
and become unpalatable The fat in the germ becomes rancid and there 
loss of vitamin A These factors reduce the net value of ground corn. Coarse ¥ 
ground corn is more palatable and gives better results than finely g t0un ^ 
material. The feeding value of ground corn is also higher when it is g roun 
only a few days before it is to be fed. 

Wheat. Wheat is second only to com as a cereal in the United States* 
It is raised primarily for the manufacture of flour and other human foods 1 
is generally more expensive than corn and other cereal grains, and is therefore 


nt of poultry rations, 
luction. The carbohy- 
and are cheap. The) 

nitrogen-free extract 
essential amino acids, 
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less used in livestock rations. Wheat by-products, bran and middlings, re- 
sulting from the manufacture of flour, are widely used in livestock and poul- 
try rations. Wheat from the western plains contains about 13.5 per cent 
protein, while that from the Pacific Coast has only 9.9 per cenr. Spring wheat 
is slightly higher in protein and fiber than winter wheat. Wheat is low in 
calcium, but is a fairly good source of phosphorus. It is a good source of 
vitamins B! and B. Winter and spring wheat have about the same feeding 
value. 

Whole wheat is the most palatable of all the grains for poultry. Young 
chicks are able to eat and utilize it after they are two or three weeks old. 
Good, sound, and clean whole wheat is usually worth more for flour milling 
purposes than for livestock feeding. Shriveled wheat that is unsatisfactory for 
milling purposes is satisfactory for poultry' feeding. The same is true of wheat 
that contains other grains and possibly some weed seeds. Wheat gives better 
results when fed as the whole grain in feeders than when ground and mixed 
in the mash. 

Wheat bran is a by-product obtained in the milling of wheat for flour. It 
is the outer coating of the wheat grain. Bran contains about 16 per cent pro- 
tein, 5 per cent fat, and 10 per cent fiber. It is low in calcium, but contains 
more phosphorus than any of the other grain products. Bran should not con- 
stitute more than 5 to 10 per cent of the chick ration because of its bulki- 
ness, high fiber content, phosphorus content, and laxative effect. The best 
grades of bran have large clean flakes and contain no screenings. Fine, re* 
ground bran or standard bran often contains screenings. These screenings are 
chiefly weed seeds. They may interfere with palatability, depending upon the 
kind and amount of seeds present. Bran is used in rations primarily to add 
bulk and for its mild laxative effect. 

Wheat middlings consist of fine particles of bran and germ and red dog 
flour obtained as a by-product in the milling of wheat for flour. This feed 
consists of 17.4 per cent prorein, 6.8 per cent fiber, and 5.5 per cent far. It 
supplies about 12 pec cent tuoce digestible nutrients than bean and is a better 
feed. It adds to the palatability' of the mash, supplies Bi, E, and ocher vitamins 
through its germ content. 

Wheat mixed feed, also known as "mill run,” consists of the bran and mid- 
dlings obtained in the milling of wheat. It has abouc the same feeding value 
as equal parts of bran and middlings and may be used in place of them in 
poultry’ rations. 

Oats. Oats rank third in acreage among the cereals in the United States. 
They contain about 12 per cent protein, 10.6 per cent fiber, and 4.7 per cent 
fat. Oats vary all the way from 30 per cent hulls or less and thirty-two pounds 
or more per bushel to more rhan 50 per cent hulls and Jess than twenty-five 
pounds per bushel. Good quality heavy oats weighing thirty-two pounds or 
more per bushel arc a valuable feed for poultry. 

Whole oats are a satisfactory feed for poultry*. They can be utilized satis- 
factorily by chickens and turkeys which are at least six weeks old. The con- 
sumption will vary with the environment and other constituents in the ration. 
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.hcbkds in hoppersor mixed With other gmm or th^ma^ ^ 

Ground oats are used satisfactorily in mash feeds, iney 

ground with a hammer milL ~hich dips off the 

Clipped oat, have been run through an oat dipper, which cup 

pointed end of the hulls. This process is on™*®®*- . vjlue 

Hulled oats, also known as oat groats, and rolled oa fibe r j 

whole or ground oats for poultry. While hulled oats t contam k-B^ 

more digjtible nutrients than ground whole oats, they con ^ faJ 

factors which prevent cannibalism and perosis. It is not 

'" i{ sf,Zed°o^s h?ve less energy value than unsprouted whole 
wete once used as a substimte for green grass and succulent feed g 

winter months. . • f L- United 

Barley. Barley ranks fourth in importance as a grain crop 
States. It is the most widely cultivated of the cereals th '° u B ^ actitm is 
as it is adapted to a wide range of climatic conditions. Barlqr p ^ 
gradually replacing oat production. The two grams are mu v or 

position and feeding value. Heavy barley, weighing forty-eigh P° 
more pet bushel, is more satisfactory for poultry feeding than lighte 
weighing only about forty-five pounds per bushel. Barley may be ^ , 
same manner as oats in poultry rations. It may be used to replac 

. 1 ,.. orsd uilioar nrrvhirrc rommonlv Used in poultry f3t 


same manner as oats in poultry rations, it may dc useu -p It5 

part of the corn and wheat products commonly used in poultry ra i • 
feeding value may be improved by soaking in water or the addition 


zymes, in some cases. . u0 . 

Rye. Rye, although resembling wheat closely in composition, is 
satisfactory feed for poultry. The whole grain is hard and unpalata 
use of 20 per cent or more of ground rye in chick rations causes *8 
disturbances and the droppings have a tendency to adhere to the feet, s ^ 
amount of rye, not exceeding about 15 per cent, may be used in growing 
laying rations. It should be ground and used in the mash feed. . 

Buckwheat. Buckwheat is unpalatable because of its dark, unattractive^ 
pearance and high fiber content. It is unsatisfactory as a whole gram ^ 
Ground buckwheat or buckwheat middlings may be used to replace 1 
per cent of other grains or their by-products in poultry mash feeds. ^ 
Sorghum grains. Sorghum grains are grown in the southwestern p ^ 
the United States where there is a scarcity of rainfall. The chief km ^ 
milo, kafir, feterita, kaoliang, hegari, durra, and shallu. The sorghums^^ 


milo, kafir, feterita, kaoliang, hegari, durra, and shallu. The sorgnui 
semble corn in composition (Table 2, Appendix). Unlike yellow corn, 
are deficient in vitamin A. There are no advantages in including sorg 


e z, ztppenaix ) . uiuikc _ 

are deficient in vitamin A. There are no advantages in including 
grains in poultry rations unless they are cheaper than corn, wheat, an 
In fact, the sorghum grains do not give quite so satisfactory results. 


>t give quite so satisfactory results. 

important cereal crops of the worl< 

the production in the United States is of minor importance. Rice * s . 
in the coastal section of Louisiana, and in Arkansas, Texas, and Caum r 
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Rice products, such as rice bran, rice polish, and brewers’ rice, can be used 
to replace part of the other grains in the ration. Rice is a good feed and 
well liked by poultry. It is seldom economical for use in rations except in 
regions where it is produced. 

Cane molasses. Cane molasses, also known as blackstrap, is a by-product of 
the manufacture of cane sugar from sugar cane. Cane molasses may be used 
to replace cereal grains, pound for pound, up to 10 per cent of the ration. It 
should be incorporated in the mash feed with a power mixer. Cane molasses 
used in rations containing little or no milk will increase payability, increase 
water consumption, and serve as a mild laxative. 

Beet molasses is not as satisfactory as cane molasses because of its higher 
alkaline salt concent and greater laxative effect. 

Bread. Bread and other stale bakery products are sometimes fed to 
poultry. The analysis of bread is quite similar to that of grains (Table 1, Ap- 
pendix). Bakery products may be used to replace a part of the grains fed to 
poultry. 

Potatoes. Potatoes which are too small for sale may be cooked and fed to 
poultry. A gallon of cooked potatoes may be fed to one hundred hens daily 
to rake the place of about a quart of grain. 

Fat Feeds 

Fats provide a concentrated source of energy for poultry rations (p. 225). 
They are generally added at 2 to 5 per cent levels. Fats reduce dusr, improve 
appearance, texture, payability, and feed efficiency for both growth and 
egg production. In recent years, fats have gained popularity as poultry rations 
because they have become Jess expensive and their stability has been improved 
by the incorporation of small amounts of antioxidants (p. 234) . 

Oils from seeds, chiefly soybean oil, peanut oil, cottonseed oil, com oil, 
and wheat germ oil, promote chick growth by supplying energy and essential 
unsaturated fatty acids which the chick is unable to synthesize. 

Lard, which has been stabilized with an antioxidant, is utilized about as 
efficiently by the chick as the vegerable oils (Table &-3). 

TM 8-3 


METABOLIZABLE ENERCY VALUES AND UTILIZATION 
OF FATS AND FATTY ACIDS * 


Product 



Com oil 

SiSS 

92. 9 

Depummed soybean oil 


9S.8 

Lard 


9iA 

Hydropenated fat 

— 

766 

Feed prade taltow 

MOM 

70.3 

Hydrolized fat 


77.S 

Menhaden oil 

I 3703 j 

S7.8 


* Renatr and IlilL 
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Beef tallow is not metabolized as well as lard < 

°\dwgenated fats are utilized about as efficiently as ^“piducd. 

fidently than the unsaturated vegetable otls from which P 

Fats for animal feeding purposes must be free from 
purities or decomposition products. Those tomato y a j tis- 

Sions are of animal origin and are obtained by the rendering 
sues. Feed grade animal fats should be labeled according to sourcmas W. 
tallow, etc. They should contain less than 2 per cent moistur , 

15 per cent free fatty acids, solidify at 40“ C. or higher, and contain an p- 
proved kind and amount of antioieidant to provide stability. 


Protein Feeds 


The protein feeds are the most costly group of feeds used in po “T 
tions. They generally constitute from 10 to 40 per cent of the rau0 "’ . ^ 
feeds are derived from both plant and animal sources. Care is nee ^ 

selection of protein feeds for poultry rations in order to secure a 
quantity of the essential amino acids for growth and egg production l 


Animal protein feeds include milk, meat scraps, tankage, fish meal, 
hatchery residue. They are more palatable, higher in mineral, vitamin u 
and riboflavin content, and higher in biological value than vegetab e p r0 
Most animal protein feeds are more variable in composition than J e S 
protein feeds, because they are blends of various packing house and ca j in ^' 
by-products. The use of high temperatures in the preparation of anima p 
tein feeds reduces their digestibility, vitamin content, and biological va ue * 
Vegetable protein feeds include soybean oil meal, corn-gluten meal, c j\ n0 
seed meal, peanut oil meal, and linseed meal. They are not so palata e ^ 
digestible, or of so high a biological value as the animal protein feeds. 
table protein feeds are low in riboflavin and vitamin B 12 content. Coo & 
under pressure, in the process of removing oil, increases their feeding v ^ 
Milk is a good protein feed for poultry, but it is usually too expensive 
use for this purpose. It furnishes a good assortment of amino acids, mine 
and vitamins. £ 

Skim milk and buttermilk have nearly the same value as whole milk yet ^ 
much cheaper for feeding to poultry. If chickens are given milk to drinx 
place of water, feed consumption will be reduced about 1 3 per cent. 

Condensed milk, also known as a semisolid milk, usually contains l' 3 
30 per cent solids and 70 to 74 per cent water. 

Dried milk (skim milk and buttermilk), if properly prepared and not 
heated, has about the same feed value as the liquid and condensed forms w 
compared on the same solids basis. A gallon of liquid skim milk or butter® 
is equal to about three pounds of the condensed or 0.9 pounds of tl5C 
dried form in feeding value. 

Meat scraps. Meat scraps are composed of the ground, dry-rendered res* 
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due from animal tissues exclusive of hoof, horn, manure, and stomach con- 
tents, except in such traces as might occur unavoidably in good factory prac- 
tice. It varies widely in composition and feeding value, depending on the 
amount of bone, cracklings, glandular tissue, and meat present. The more bone 
present, the higher the mineral content and the lower the protein content. 
The vitamin contenr is largely determined by the amount of glandular tissues 
present, such as livers and kidneys, and the temperature used in the process 
of preparation. Meat scraps are widely used in poultry rations to supply pro- 
tein and minerals. Products with high bone content are known as meat and 
bone scrap. 

Tankage. Tankage is a packing house by-product somewhat similar to 
meat scraps. It generally contains 60 per cent protein, while meat scraps gen- 
erally contain 50 per cenr. Tankage may be prepared by cooking under live 
steam or by the dry-rendering process. The latter process produces a product 
of higher nutritive value. "Stick,” or the cooking water residue, and blood 
meal are often added to raise the protein content to 60 per cent. Both of these 
products are of low- biological value. Therefore, tankage is of lower nutritive 
value than meat scraps and seldom used in poultry- rations. 

Pish meal. Fish meal is the dean, dried, ground tissue of undecomposed 
whole fish or fish cuttings, either or both, with or withour the extraction of 
part of the oil, and containing not more than 3 per cenr salt. Fish meals vary 
in composition and feeding value. Those made from whice fish are superior 
to those made from dark, inedible fish. Fish meals made at low temperatures 
are superior to those processed at high temperatures. Fish meals containing 
much of the viscera, as are obtainable from some fish canneries, are superior 
to meals made from whole fish. The average fish meal has about the same 
composition and feeding value as meat scraps. In coastal regions, fish meal is 
as cheap or cheaper than meat scraps. Inland it is more expensive. White fish 
meal made by a low temperature or vacuum process contains protein of high 
biological value and is a good source of riboflavin. It compares favorably with 
milk as an animal protein feed. 

Poultry- by-product meals. The inedible by-products from poultry dress- 
ing plants, exclusive of feathers, may be processed into meal and used as a 
substitute for part of the animal or vegetable protein feeds generally used in 
poultry rations (Table I, Appendix). The products supply an unknown fac- 
tor, also supplied by fish solubles, for growth and hatchability (p. 232). 

Feather meal Is a rich source of protein (86 to 88 per cent ) but is deficient 
in the essential amino acids histidine, lysine, methionine, and tryptophan It 
may contain an unknown factor for growth and hatchability. Feather meal 
may be used to replace 10 to 20 per cent of the other protein feeds in broiler 
and laying rations. 

Offal (by-product meal) is made from the heads, feer, intestines, and re- 
productive organs obtained from poultry processing plants. It contains about 
55 per cent protein. Poultry offal meal may be used ro replace about 20 per 
cent of the other protein feeds commonly used in poultry rations. 

Poultry blood meal contains about 65 per cent protein. It may be produced 
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separately or in combination with 


, is „ of infertile eggs, dead embryos, cull chicks, and eggshells obtained n 
hatchery operation. Most of the material is a total loss at the praent tim . 
may be^ processed like meat scraps. Chicken tankage is a sansfacorj an mal 
protein feed for poultry. It may be used in the place of meat scraps in lay. g 


offal meal and used in a similar manner as 


iat Blt»d meal. Blood meal is a poor protein feed for poultry. It is unpalat- 
able and its protein is of low biological value. , . ,c. 

Soybean oil meal. Soybean oil meal is the most widely used of aU m 
vegetable protein feedstuffs. It is prepared from soybeans by removing t e 
and grinding the resulting presscake. Soybeans are unpalatable and u ^ 


factory as feed. Soybean oil meal is palatable and a good protein feed when 


liiciuiy as iiv-ta. uvui. — I -a ’ C ,U, n 

supplemented with minerals and vitamins B 12 and riboflavin. 5 o)Dea 
r \ . - a . .r 1 :ti j .1 . 1 Knn MMtnrtc nf savbe 


oil b 


used in industry. A ton of beans will yield about 1600 pounds of soybean 01 
meal and 400 pounds of oil. The beans may be processed by the expeUe , 


hydraulic, or solvent methods. In the expeller method, the crushed beans are 
vw nmot nmtttrp in ■ Vrru»llpr«” tcmnvf the oil. Some heat is 


subjected to great pressure in "expellers" to remove the oil. Some heat 
erated in the process. In the hydraulic or old process, the beans are coo 
and most of the oil pressed out in hydraulic presses. This method is the one 
generally used in processing cottonseed and flaxseed. In the solvent process^ 
the ground beans are extracted with low-boiling-point gasoline. The so y^ 
is later removed by treatment with steam, which also cooks the feed. Soybean 
oil meal made by this process contains about 44 per cent protein and 1 F r 
cent fat, while that made by the hydraulic process contains about 41 per ce0 
protein and 5 or 6 per cent fat. A higher protein content ( 50 per cent) m 
may be produced by removing the hulls. , 

Soybean oil meal for poultry rations should have been thoroughly coo 
while being processed. This is indicated by a pleasant nutlike taste and a Iig bt 
brownish or tan color. If the soybean oil meal has a raw "beany” taste, it n« 
not been heated sufficiently. 'When soybean meal replaces most of the mea 
scraps or fish meal in poultry rations, an additional quantity of minerals, 
methionine (p. 253), and vitamins B 12 and riboflavin need to be included in 
the ration. A pound of mineral mixture (p. 254) is generally added to the 
ration for each 5 or 6 pounds of soybean oil meal used when animal protein 
feed constitute less than 50 per cent of the total protein feeds used. 

Corn gluten meal. Corn gluten meal is that part of shelled com that re- 
mains after the separation of the larger part of the starch, the germ, and the 
bran, by the process ' ’ ‘ ‘ 1 


mloyed in the manufacture of corn starch and glucose- 
- — itxal 


It is a good protein feed, but like other grain proteins is deficient in essential 
o acids. Like sovbean oil mra! ir ™ivh animal nrotein feeds 


amino adds. Like soybean oil meal, it should be fed with animal protein i< _ 
and minerals. Corn gluten meal made from yellow corn contains about twice 
as much vitamin A as yellow corn. , 

Cottonseed meal. Cottonseed meal is a cheap and satisfactory protein f 
for poultry rations in the cotton-producing states. It must be supplement 
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with animal protein, minerals, vitamins Bi 2 and riboflavin, methionine, and 
lysine, as in the case of soybean meal (p. 252). The use of more than 5 or 6 
per cent cottonseed meal in laying rations results in the production of eggs 
which develop green and brown spots on the yolks, when the eggs are held 
more than a few weeks in storage. 

Distillers’ dried grains. Distillers’ dried grains are of variable composi- 
tion because of the variation in grain mixtures used by different distilleries. 
The protein content varies from 15 to 30 per cent, and the fiber from 10 to 
15 per cent. This feed is little used in poultry rations. 

Linseed oil meal. Linseed oil meal is made from flaxseed. The production 
in the United States is small. Linseed oil meal is not so palatable as soybean 
oil meal or corn gluten meal. There is no advantage in including it in poul- 
try rations when the more palatable protein feeds are available. 

Peanut oil meal. Peanut oil meal is a good vegetable protein feed. The 
quantity produced is small. It m3y be used economically in poultry rations in 
the few southern states where peanuts are produced. 

DL- -methionine is an essential sulfur-containing amino acid used as a sup- 
plement in rations containing soybean oil meal as the principal protein (Ta- 
ble 8-2). The analog, methionine hydro* analog calcium is about as effec- 
tive as a supplement and at present is cheaper. Either product may be added 
at 0.05% level to high energy broiler rations in which most of the protein is 
supplied by soybean oil meal. 1c should be premixed before incorporation 
in the ration (p. 233). 

Lysine is an essential amino acid. A deficiency may interfere with normal 
feather growth and pigmentation, especially in turkeys. Lysine is a good amino 
acid, along with methionine, for supplementing cottonseed meal (Ta- 
ble 8-2). 

Calcium sources. Limestone, which is largely calcium carbonate (CaC0 3 ), 
is generally used in the ground form as a cheap and satisfactory source of 
calcium in mash feed. It may also be used in the form of grit as a source of 
calcium for egg production. A suitable limestone should contain not less than 
35 per cent calcium and not more than 3 per cent magnesium. 

Oyster shells contain somewhat more calcium carbonate content (96 per 
cent or more) than most limestone and they are freer of impurities. Hens 
prefer them to limestone grit when fed free choice in grit hoppers. 

Clam shells may be used as a substitute for oyster shells although they are 
not quite as satisfactory. 

Phosphorus sources also supply some calcium. 

Phosphorus sources. Bone meal, which is largely tricalcium phosphate 
(CaaPO«)» was formerly used as the principal source of phosphorus. With 
the growth of the poultry industry and the increased scarcity of bones for 
making bone meal, phosphatic rocks arc now being used. They should con- 
tain less than 0.5 per cent fluorine, because more than trace amounts of 
this element in poultry rations interferes with normal mineral assimilation. 
Choice of phosphorus source should be determined by price, availability, 
and biological value. 
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be 

used. 


Mineral Feeds 

Growing birds need minerals for grow* of * det ? n *"? ifer of the 
need minerals for the formation of the egg yolks and egg ^ ^ q[ the 
feeds used in poultry rations are low in mineral content, 
grains and vegetable ptotein feeds. An™. fn^ultry - 

i . _ . . . , i „, e manPaoK 


grains — a 
of minerals. When little or no animal 


lions! additional mineraU must be added. Calcium, P^P^'.^SS 
sodium, and chlorine are the mineral elements most Hkely t ^ 

in feed comprising poultry rations. The laying hen has an ex p 

requirement for calcium for making eggshells. rations for 

Salt. Salt, or sodium chloride (NaCl), is needed m poultry 7*™“ •„ 


palatability and digestion. Salt is deficient in grains and vegctab = 
' ’ ■* ' and milk contain salt because the mineral is fe _ 


feeds. Meat scraps ana mux contain suit ...w «... t . 

from which they are obtained. Fish meal is also a good source, h 6 
ally added to poultry rations at the rate of 0.5 per cent. . j nera l 

Manganese. It has been shown that manganese is an essentia „ 

element for bone formation and hatchability. Only about fifty P ar “ £1 0 f 
lion are needed in the ration. Ir may be supplied by the proper sc ' min . 
feed (Table 1, Appendix). Manganese may be added to mash reeds 
eral mixtures in the form of manganese sulphate or carbonate. ^ ^ 

Iron. Only a very small amount of iron is needed in poultry ratl ° ' _ Sj 
supplied by a number of feeds used in poultry rations, such as - D . 

fish meal, alfalfa, and grass. A small amount of iron is usually added to 
eral mixtures in the form of iron oxide, chloride, or sulphate. # ^ Ample 


Iodine. A very small quantity of iodine is needed in poultry rations. f 
" ">y the use of marine products, such as fish n3ea ~V^ e j$ 


amounts are provided by to*. tut. u. Luu.ruc [t.wuL.u, e ,$ 

shells, or fish oil. Iodized salt is sometimes used in poultry rations. 1 
generally added to mineral mixtures in the form of potassium iodide v. 

Mineral mixtures. Mineral additions are necessary in rations that c0 ^ ef 
little or no animal protein It is often desirable to mix the minerals to B (Q 
and incorporate the mixture in the mash feed. It is difficult or imposst 
mix thoroughly a minute quantity of a mineral in a big pile of feed. A sS 
factory mineral mixture consists of: 

Bone meal, 26 97; limestone, 50, salt, 20; ferrous sulphate, 2; potassium 
.02; copper sulphate, .01, and manganese sulphate, 1 per cent. 

Grit. The terra “grit” is usually intended to refer to hard, insoluble m>® 
erals, such as mica. Limestone and oyster shells are also referred to as & 
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There are those who hold that hard, Insoluble grit is necessary or desirable for 
aiding the gizzard in grinding feed. Others believe that hard grit is unneces- 
sary in the ration of poultry, maintaining that oyster shell and limestone grit 
will serve for grinding purposes and at the same time provide needed calcium. 
It is the opinion of the authors that hard, insoluble grit is not necessary in 
poultry rations. There is no objection to putting out mica or other hard, in- 
soluble grit along with limestone or oysrer shell grit in separate containers. 
Birds should not be forced to eat grit by placing it on top of the feed. A sack 
of hard, insoluble grit will last a dock of birds a long time if limestone and 
oyster shells are kept available. 

Vitamin Feeds 

Many of the feeds used in poultry rations are good sources of more than 
one group of nutrients. In this chapter the feeds have been classified accord- 
ing to the primary purpose for which they are fed. Some of the following 
feeds classed as vitamin feeds are also good sources of proteins and minerals. 

Green grass. Young, tender, green grass supplies most of the vitamins 
needed by chickens except vitamin D. When the birds are on range they will 
secure this vitamin from sunlight. Grass also supplies protein, minerals, and 
carbohydrates needed by poulrry. Less expensive feed and a smaller amount 
are needed by poultry when they are kept on young, tender, green grass range. 
Unfortunately, suitable range is generally available only during the spring 
and early summer months. As the season advances and the grass becomes 
older, the protein, mineral, and vitamin content declines rapidly and the fiber 
content increases. By pasturing the range closely or by making frequent cut- 
tings of the grass, and by irrigation, it is possible to maintain suitable pasture 
for poultry. Alfalfa or ladino clover range may be used to supply green feed 
throughout the summer and fall. 

Layers given green grass range produce eggs of lower marker quality than 
bteds kept in confinement. The j oiks have a darker yellow color and the whites 
are more water)’. While such eggs are of lower value from the standpoint of 
market grade, they are of greater food value because of the higher vitamin 
A, D.and riboflavin content. 

Alfalfa. Dehydrated alfalfa, third cutting, hay or leaf meal is included in 
some poultry rations to supply vitamin A and riboflavin. It also supplies vita- 
min E, vitamin K, minerals, and protein. Leaf meal is berrer than the hay be- 
cause of its greater nutrient content (Table 1, Appendix). Dehydrated al- 
falfa meal is bertcr than the sun-cured products because of its higher vitamin 
content (Table 1, Appendix). Poultry managers interested in high energy 
rations, are reducing the alfalfa content to a low level of high quality feed and 
substituting synthetic forms of vitamin A and riboflavin, because alfalfa meal 
is not palatable, its vitamins are not stable, and it contains many fibers. A 
good dehydrated alfalfa meal should contain 100,000 I.U. of vitamin A 
activity per pound. 

Fish oils. Fish oils, such as cod, sardine, pilchard, salmon, tuna, menhaden, 
and herring were used for a number of years after the discovery of vitamins 
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A and D, as a commercial source of these vitamins. 


lias. Since the oils lack stability, 


are difficult to transport and incorporate in feeds and may impart a fishy taste 


to the eggs or meat, they are 


being fortified with or replaced by ythetic 

£ of vitamin D. Fish oils 


vitamin A and irradiated animal sterols f a 5 “ U fH„„, Iather than price 


should be purchased on their guaranteed vitamin content l p 

per pound or gaUon. A satisfactory fish oil should contain at 

vitamin A and 85 I. C U. units of vitamin Da per gram. T 


units of vitamin A and 85 X. 1 


mine the vitamin content per pound, multiply the content p ? h 45 jj 


since there are approximately this number of grams in a ^ 
should be premixed before being added to a batch mix of mash g 

* F \Vhey. Dried whey, a by-product of the manufacture of cheese, “ a 
source of vitamin G. It contains about 1.5 times the amount found . ,n “ 

It may be used as a substitute for dried milk in poultry rations, usi g 
thirds as much whey as milk and making up the difference with s °y 
meal or some other protein feed. The riboflavin and unidentified a 

,t of whey is further concentrated in some products by removing t e ^ 


and some of the minerals. The concentrated product is mixed withjoybeM* 


meal and other products and sold as a v 


i concentrate under various t 


Liver meal. Pork liver is an excellent source of riboflavin and other VI ^ 
mins of the B complex. Liver meal from other sources is of lower VI . ta ® 
potency. The method of production of liver meal also affects its vitamin p- 
tency. There is a very limited amount of high-quality liver meal availab e 
use in poultry rations. . - e 

Fish solubles. Condensed fish solubles are obtained by condensing ^ 
water resulting from the hydraulic extraction of oil from fish. They ar e 
good source of B-complex vitamins including B 12 and an unidentified, ta 
Yeast. Yeast is an excellent source of vitamins Bi and riboflavin, 


irradiated yeast is also a good source of vitamin Dj. It is usually more ec^ 


nomical to supply the vitamin needs of poultry by the proper selection 
feed for the ration than to add yeast. The vitamin content of yeast v 
within wide limits, depending on the kind of yeast, the method of produ 
tion, and the purity of the product. , . 

Distillers’ solubles. Distillers’ solubles and distillers’ grains with solu 
are good sources of riboflavin and other B-complex vitamins. They 
tain 25 per cent or more protein, some minerals, and other nutrients, uney 
may be used to replace milk products, liver meal, alfalfa, or yeast as a source 
of riboflavin and other B-complex vitamins. Distillery by-products may 
fed in amounts up to 10 per cent of the ration. , 

Sunlight. Sunlight supplies the vitamin D factor needed by poultry 7 


its effect on cholesterol in the skin of the bird. Exposure of the skin to ultr*' 
vmW rii.iu. 1 • - V. c„mmer 


violet rays of sunlight gives its cholesterol vitamin E> properties. Summer sun' 
light is more powerful than winter sunlight. The chicken receives the bene- 
ficial rays of sunlight through the skin of the face and comb. Feather shut ou 
the ultraviolet raja. The amount of exposure to sunlight needed will depen 
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on the kind of poultry, rhe purpose for which they are kept, the season of the 
year, the ration fed, and the locality in which the birds are kept. The amount 
of sunlight needed daily will vary from about five minutes to about five hours. 
Breeding hens will need more sunlight than chicks. Gouds, smoke, and fog 
shut out some of the ultraviolet rays of sunlight and reduce its efficiency. 

Vitamin A supplements. Rations deficient in vitamin A may be supple- 
mented with vitamin A mixtures. These are usually a premix of vitamin A 
acetate or palmitate. They vary widely in vitamin A potency, from about 5,000 
to more than 300,000 I.U. per gram. High potency products should be fur- 
ther premixed before additions to feed mixtures (p. 233). Vitamin A feed 
mixtures should be stabilized with an antioxidant to retard loss of vitamin A 
potency (p. 23-4). 

Vitamin D supplements. Irradiated animal sterols are better sources of 
vitamin D for poultry than those of plant origin (p. 230). They are available 
in premixes which vary widely in potency. Products conraining 1,500 or more 
units per gram are generally purchased as premixes for further pre-mixing be* 
fore incorporation in poultry rations (p. 233). 

Vitamin E supplements. Some rations, especially for turkeys need addi- 
tional vitamin E (Table 13-6). This may be supplied by natural vitamin E 
concentrates or dl-alpha tocopheryl acetate premixes. They vary widely in 
potency. One premix sold on the market contains 20,000 I.U. of vitamin E 
per pound (44 per gram) . 

Riboflavin supplements. Riboflavin is premixed with a carrier and sold 
in mixtures of varying potency. One product available on the market contains 
16 grams of riboflavin per pound (35 milligrams per gram.) Riboflavin 
mixtures should be premixed again before incorporation in large batch mixes. 

Pantothenic acid supplements. D- calcium pantothenate, or other com- 
plexes of this salt, are available as premixes. One common mixture contains 
32 grams of D- calcium pantothenate per pound (70 milligrams pet pound). 
It should be further premixed before mixing with rations. 

Niacin supplement. Nicotinic acid ( USJ*. ) without a carrier may be 
purchased. It should be premixed before use. 

Vitamin B J2 supplements. Premixes sold as vitamin Bj 2 supplements 
vary widely in potency. A common potency is 12 milligrams of vitamin Bj 3 
per pound. It needs further premixing before use in batch mixes. 

Choline supplement. Choline is generally supplied in the form of choline 
chloride premixes. A common one contains 113.5 grams of choline chloride 
per pound (250 milligrams per gram). 

Vitamin K supplement. This vitamin may be needed in some modern 
high energy rations largely of plant origin. An additional amount may be 
supplied through the use of menadione or menadione sodium bisulfite pre- 
mixes. They should be further premixed before use in rations. 

Antibiotic supplements. Antibiotics are sold on the market as premixes, 
for use in poultry rations. 

Procaine penicillin supplement is available in the potency of 4 grams of 
procaine penicillin per pound. 
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Terramj-J* supplement (TM-10) is available in a potency of 10 grams 

is available in a potency of 10 

is available in a pttency of .0 ^ 

° f ^treptcm^in applesnen! is available in a potency of 10 grams pa 
Combinations of antibiotic mixtures are also available as feed supp 


Fort Jtt dating Rations 

When the nutritive requirements of poultry and the nutritive value of fee& 
are known, it is a comparatively simple task to formulate poultp' rau 
Since there are many poultry feeds, an unlimited number of satis acr0 f^,^ 
tions may be formulated- In choosing a ration for a given purpose, one s 
keep in mind the nutritive requirements, the available feeds, their supp z 
tary value when fed in combinations, the price, and the system of feeding ^ 
be used. Nearly every feeder has a different set of conditions. A suita t 
economical ration for one farmer may not be the most economical or 
neighbor. The feeds available on the farm or in the community are impo 
in determining the ration and system of feeding that should be used on any 
given farm. _ , . 

Price and availability of ingredients. The price and availability 0 
gredients will have a marked influence on the choice of feeds. _ 

The carbohydrate feeds are abundant and cheap. The price is generally 
lowest about harvest time and increases slightly during the year. In the Con 1 
Belt, more com is used than any of the other cereals in poultry rations. In t 
Northwest, wheat and its by-products are plentiful and are used in large* 
amounts than in other parts of the country. In the Southwest, the sorgbu® 
grains grow well and are used to replace part of the cereal grains gener ; 
used in poultry rations. In some of the northern states barley is used in pl^c 
of most of the corn because it grows well and because the season is too shot* 
for corn. These and other available facts illustrate that the carbohydrate ieeu 
stuffs may be varied within wide limits, depending on price and availability* 
The -protein feeds, especially the animal protein feeds, are expensive. Dn 
milk is the most expensive of the group. Soybean oil meal is the cheapest- 
There is a supplementary effect among the animal and vegetable protein 
(Table 8-2). The economical procedure is to use as much vegetable protein 
feeds and as little animal protein feeds as possible without lowering the value 
of the ration. There is often a tendency to feed too little protein and too mu^ 
grain because of difference in price and availability'. 

The mineral feeds are cheap and readily available. The fowl can use only 
a limited amount of minerals. There is often a tendency to use too much min- 
erals, especially limestone, in poultry rations because they are cheap- 

The vitamin feeds are generally expensive. Fortunately only small amount 
are used. Fish oil, milk, and dehydrated alfalfa leaf meal were once the ch ,et 
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products used. Single vitamins such as synthetic vitamin A, irradiated animal 
sterol, riboflavin, and vitamin are now being added to replace these feeds. 
They are used in rations for confined birds to take the place of green grass 
range and sunlight. Rations may be cheapened by providing birds with green 
grass range and replacing the oil and alfalfa by one of the cereal grains and 
parr of the milk by one of the cheaper prorein feeds. 

Selection and balance of ingredients. The number of ingredients used 
in a ration is not a true measure of the value of the ration. Simple rations, 
consisting of six or eight ingredients, are often as valuable or even more so 
than complex rations consisting of a dozen or more ingredients. It is true 
that variety adds to palatability and increases the chances of making good the 
deficiencies found in certain feeds, provided the materials chosen are palat- 
able and have a supplementary effect. For instance, a grain mixture of corn, 
whear, and oats is nor improved by adding barley, buckwheat, and rye ro jr. 
These latter grains are not so palatable and do not supply anything not sup- 
plied by corn, wheat, and oats. 

The carbohydrate feeds generally constitute 40 to 80 per cent of the poul- 
try ration. It is advisable to use at least three cereal grains and by-products 
in the ration. Corn, oats, and wheat or wheat by-products are the ones gener- 
ally used. 

The protein feeds generally constitute from 10 to 40 per cent of the ra- 
tion, depending on the age of the bird. Meat scraps or fish meal, milk, and 
soybean oil meal are the ones most generally used. 

The mineral feeds are supplied by the use of animal protein feeds, such 
as meat scraps and milk. Salt is generally added to the ration at a 0.5 per cent 
level. Oyster shells are kept available for laying birds. 

Vitamin feeds and supplements are fed ro birds in confinement to supply 
vitamins obtained by birds on green grass range. 

Methods of Feeding 

Having seJccrcd the feeds and amounts ro be used, rhere are several satis- 
factory ways of feeding them to poultry. These include free choice of mash 
concentrate and grains, mash and limited grains, and alf-mash. 

Free choice of mash supplement and grains. Mash protein concentrates 
or supplements varying from about 24 to 32 per cent protein content are 
available for feeding free choice with grains or for mixing with grains ro make 
a mash feed to be fed with limited grains or to be used as an all-mash feed. If 
the mash feed is palatable, it gives very good results when fed free choice 
with grains. The birds have an opportunity to balance the protein, and, to a 
certain extent, their vitamin needs in accordance with the rate of production. 
Birds in high production and pullet layers will cat more mash and less grain 
than old hens or birds in low production. 

The free choice of mash concentrate and grain system of feeding elimi- 
nates the grinding and mixing of about 67 to 79 per cent of the ration. The 
mash may be used as an all-mash turkey starter or mixed with about an equal 
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amount of com meal to make an all-mash chick starting and growing ration. 
This mash may serve as an all-purpose poultry mash feed. 

The free choice of mash concentrate and grain system of j«hn£ P 
the birds to balance their own ration and therefore * 1 “ f P u 0 f 

ing problems. It is economical and adaptable to the feeding 

P °MaTh and limited grains. One of the most widely used 

ing layers during the past several years has been the feeding o 

to 20 per cent protein mash feed and limited gram. The mas P 

before the birds all the time and about an equal amount of gram is * 

birds are given about as much grain as they will clean up, late in t 

noon. The grain mixture generally consists of corn, wheat, and oats. 

The mash and limited grain ration requites the grinding and mix g 
about 50 per cent of the ration. It requires a good knowledge of poultry 
ing. Otherwise, the feeder may feed too much grain for satisfactory grow 


egg production. , , _ 

All-mash. In the all-mash system of feeding, all of the feeds ea 
ground, mixed, and fed as a single mixture. The ration is based on the r ^l u,r 
ments of the birds that need the most nutrients. There is no chance 
birds to vary their diet according to likes or needs. This system of 8 
requires the grinding and mixing of all the ration. Ground feeds are nots 
palatable and do not retain their nutritive value so well as unground • 
The all-mash system of feeding is desirable for starting and growing c ic 
because it involves less labor. When the birds become older, the feed con^ 
sumption much greater, and the individual needs more pronounced, one o 
the grain-and-mash systems of feeding may be more economical. 

The all-mash system of feeding is desirable in nutritional experiments 
work where the consumption of ingredients should be kept in constant ratio. 
It is also satisfactory in battery and automatic feeding of birds, where feedi g 
space is at a premium. The all-mash system of feeding results in the proa 
tion of eggs of more uniform yolk color and white consistency. However, 
even on the same ration the eggs from different individuals vary within wi 
limits as regards internal appearance. 

Pellets. Mash feed is now on the market in the form of pellets. « 15 
forced through a press under high pressure and formed into pellets of vary 
ing size. Pellets may be more palatable than some finely ground mash fee^j 
There 
wind 

nutrie 4 . 

ground mash feed. Feed in the form of crumbles is also available. Preparation 
of mash feed in the form of pellets adds to the cost of preparation. 

Artificial lights. Feeding for early rapid growth and fall egg production 
of hens is closely connected with the use of artificial light. It is use ^ t( j 
lengthen the day to at least thirteen or fourteen hours, or even to a period o 
continuous lighting. 

Chicks make faster early growth when all-night light is used. It therefore 


may be some advantage in feeding pellets in range feeders, . 

may blow away part of the ground mash feed. The keeping quality o 
in the form of Pellets mav he herter than in the form of fin e 7 
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has a place in broiler production. The presence of light at night in the brooder 
house or battery room results in more comfort of the birds and less danger of 
piling. The birds can see to move about and secure feed when needed. A 
twenty-watt bulb is satisfactory in the ordinary colony brooder house. 

Hens may be made to lay more eggs in the late summer, fall, and early win- 
ter by the use of artificial light. If lights are used in the fall, spring egg pro- 
duction will be less. Lights have little influence on total yearly egg produc- 
tion. A time switch may be used to turn the lights on about three o’clock in 
the morning. All-night lights may also be used. A forty-watt bulb is sufficient 
for a pen that will accommodate about one hundred hens. The light may be 
suspended over the feeders and water vessel or over the perches. 

Artificial lights may be used to help hold up late summer and fall produc- 
tion of yearling hens, shorten the molting period of hens, bring hens into 
production for winter-hatching eggs, check the neck molt and slump in fall 
egg production of early-hatched pullets, and hasten the sexual maturity of 
late-hatched and slow-maturing pullets. 

It was formerly believed that the chief benefit derived from the use of arti- 
ficial lights on layers was to increase the length of day. It was believed that 
this would result in greater feed and water consumption and consequently 
greater egg production. Tests conducted at Ohio State University have shown 
that this is not the principal value of the use of lights. Birds exposed to light 
at night but deprived of feed and water produced nearly as many eggs on a 
twelve-hour eating day as birds which had lights and feed and water at night. 
It is believed that the chief benefit of artificial light in the laying house is to 
stimulate hormone activity. The pituitary gland is stimulated to secrete a 
hormone into the blood stream. This is carried to the ovary and stimulates 
egg production. 

Feeding for Maintenance 

The nutritive requirements of poultry vary with the purpose for which 
birds are fed. They include the requirements for maintenance, growth, egg 
production, hatchability, and fattening. 

Nutritive requirements for maintenance. Needs of an animal for main- 
taining body functions, body remperarure, and repair of tissues must be pro- 
vided before growth, production, fattening, or reproduction can take place. 
The requirements for maintenance and any one of these other functions ate 
generally listed together. It is not often that poultry are merely maintained 
for any length of time without some specific object in mind, such as growth 
or reproduction. Exceptions arc male chickens and turkey breeders which 
may be fed maintenance rations between breeding seasons. Setting hens are 
also fed maintenance rations while incubating eggs and brooding chicks. 

Energy needs for maintenance include those for maintaining body tem- 
perature and essential body activities. The temperature of the body of the 
chicken must be maintained near 107° F. for normal functioning of rhe 
body activities. Heat resulting from the heart beat, respiration, digestion, and 
body movements is used for this purpose. When the heat from these sources 
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is insufficient to 
maintain the normal 
body temperature, 
the animal will eat 
additional food for 
heat production. In 
the absence of food, 
the body will oxi- 
dize its own tissues 
for this purpose. 
The lower the envi- 
ronmental tempera- 
ture and the greater 
the body surface in 
proportion to body 
mass, the greater the 
heat loss from the 
body and conse- 
quently the more 
food required to 
maintain the body 
temperature. ^ 


Fig 8-A. Protein level and growth rote. A high protein ration 
remit* in eorly ropid growth, while a low protein ration re- 
mit* in loter growth. The horiiontol arrow* represent change* 
in growth rate* while the vertical arrow* represent the approx- 
imate oge at which production begins. 

The energy from food required for maintaining body temperature 
essential body activities amounts to about 800 calories per square 
body surface per day. The basal heat production (p. 238) of males is a it 
greater than that of females, while that of capons is considerably lower, 
will vary with the environmental temperature of the bird. 

The critical temperature (p. 239) of the chick is 96° F. at hatching tiffl e - 
A seven-degree decrease from the critical temperature results in about 15 per 
cent increase in metabolism. The critical temperature of the inactive tasu g 
hen is 62° F. The greater the activity of the bird and the greater the amount 
of food eaten, the lower the critical temperature. The energy needs of m 
erately active birds are approximately 50 per cent greater than for basal heat 
production. 

The protein needs for maintenance are determined by measuring 
amount of nitrogen in urine of animals fed a nitrogen-free diet so design 
as to furnish all other nutrients in ample amounts. It is usually expressed m 
terms of milligrams per kilogram of body weight. The endogenous nitrogen 
(that required for maintenance) amounts to about two milligrams per calorie 
of hear production. Ackerson and his associates at the Nebraska Agricultural 
Experiment Station have shown that the nitrogen requirement of young bir 
is greater per unit of weight than that of old birds. Males probably have » 
greater nitrogen requirement than females because of the greater basal he3t 
production. Activity should not affect the nitrogen needs for maintenance as 
long as ample food energy is used to meet the needs for the activity. 

The mineral needs for maintenance have not been studied so carefully as 
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the energy and protein needs. The latter rwo are used up and the by-products 
excreted. Some of the minerals are used over again and small amounts are 
excreted when birds are kept on maintenance rations. When sufficient food 
is supplied to meet the energy and protein needs, it will generally contain 
sufficient mineral elements to meet the mineral needs for maintenance. 

The vitamin needs for maintenance have not been carefully investigated. 
They are lower than for growth or production. Vitamins of the B complex 
(p. 229) are probably the most essential ones for maintenance. 

Feeding for Growth 

Growth is the elaboration of new tissues that make up the changes in 
weight, form, or composition of the animal. The rate of growth is determined 
by the inherited capacity for growth, the kind and amount of feed consumed, 
and the environment of the birds. The chicken grows more rapidly than other 
domestic animals, doubling its weight in less than two weeks and increasing 
it by ten times in six weeks (Table 8-8 and Fig. 8-4). The absorbed yolk 
furnishes the first nutrients required by the newly hatched chick. It supplies 
the energy and other needs until the chick can move about and locate ftxxl. 

Nutritive requirements. The energy needs for growth include the energy 
needs for maintenance, activity, and growth of tissue. These needs may be 
calculated as productive energy or metabofized energy needs (p. 238). The 
latter is more reliable. Table 8-4 gives the energy content recommended in 
growing rations. It ranges from about 950 to 1,000 calories of productive 
energy per pound, for a calorie-protein ratio of about 42 to 45. The energy 
value of poultry feeds is listed in Table 3, Appendix. 

The protein needs for growth are high, since the increase in weight of the 
growing chicken is largely due to the increase in protein and water. Both the 
energy and protein content of the ration influence the rate of growth. An ani- 
mal eats to satisfy its calorie requirements, and it does not consume as much 
of a high energy rscion as one of lower calorie concent. For maximum growth 
of poultry, proteins and vitamins must be increased in proportion as the 
calorie content of the ration is increased. 

The large proportion of feed eaten is for energy and a smaller proportion 
for growth of tissues. As a bird increases in weight and its growth slows, the 
protein level may be reduced. The percentage of protein needed in a ration 
for poultry is related to their energy needs. This relationship, rermed the 
caloric-protein ratio, is obtained as follows: 

Calorics of productive energy per pound Cal. 

Per cent crude protein ~ Prot. 

The optimum protein levels for growth and the caloric-protein ratio is 
listed on Table S-3. 

Not only is it important to have an energy -protein ratio, but poultry must 
also have a proper assortment and amount of ammo acids (Table 8-5). Me- 





Table 8-5 

NUTRIENT REQUIREMENTS FOR CHICKENS 6 


Iv Pekcevtace on Amount ru Pound of Feed 


Nuteients 

Starting 

Chicken* 

0-8 

Week. 

Growing 

Chicken* 

8- IS 
Week* 

Laying 

Hen* 

Breeding 

Hen* 

Total protein, per cent 

20 


15 

15 

Vitamins 

Vitamin A activity (U.S.P. 





Units) 

1200 

1200 | 


2000 

Vitamin D (l.C.U.)* 

90 


225 

225 

Thiamin, mg 

0.8 

* 

? 

> 

Riboflavin, mg 

1.3 


1.0 

i.7 

Pantothenic acid, mg 

4.2 

4.2 1 

2.1 

4.2 

Niacin, mg 

12 

F 

? 

? 

Pyridoxinc, mg 

1.3 

? | 

1.3 

1.3 

Biotin, mg 

0.04 

? 1 

? 

i 

Choline, mg 

600 

? 

? 

? 

Folacin, mg 

0.25 

? | 

0.11 

0.16 

Vitamin B >s , mg 

0.004 

? ! 

F 

0.002 

Vitamin K., mg 

0.18 

? 

? 

? 

Minerals 





Calcium, per cent 

1 

i 

2.25 

2.25 

Phosphorus, per cent f 

0.6 

0.6 

0.6 | 

0.6 

Salt, per cent 

0.5 

0.5 

0.5 i 

0.5 

Potassium, per cent 

0.2 

0.16 

? 

? 

Manganese, mg ' 

25 

? 

? 

IS 

Iodine, mg 

0.5 

0.2 

0.2 

0.5 

Magnesium, mg 

220 

f 

F 

? 

Iron, mg 

Copper, mg 

9 

? 

? 

? 

0.9 

? 

F 

? 

Amino acids, per cent 





Arginine 

1.2 

? 

? 

? 

Lysine 

0.9 

? 

0.5 

? 

Histidine 

0.15 

i 

F 

1 

Methionine 

0.451 

? 

0.53 

F 

Tryptophan 

0.2 

F 

0.15 

? 

Glycine 

1.0 

F 


I 

Phcnylanine 

1.6§ 

F 

F 

? 

Ixucine 

1.4 

i 

? 

? 

lioleucinc 

0.6 

? 

1 

F 

Thrtoninc 

06 

? 

? 

F 

Valine 

0.S 

F 

i 

? 


• National Rfifirth Council 195*. 

• International Chick L'oit. 

I About 0 4$ jxrr cent (ran inorganic *ourcr. 

! Cr»Une t"»y Itylace About *4 of the methionine. 
Tjrroiine mag replace about }j o( the phenylinioc. 
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Table 8-6 


principal mineral and vitamin allowances 

IIIQH PF.EDS 


Chickens 

Calcium, per cent. . . 
Phosphorus, per cent 
Manganese, mg./lb. . 
Salt, added per cent. 

Iodine, mg./lb 

Vitamin A, U.S.P./lb. 
Vitamin D, I.C./lb... . 
Vitamin E, I.U./lb.. . . 
Riboflavin, mg./lb.. . 
Vitamin Bis, mcg./lb. 

Niacin, mg./lb.^ 

Pantothenic acid, 

mg./lb 

Choline, mg./lb. . . . 


Turkeys 

Calcium, per cent. 
Phosphorus, per cent 
Manganese, mg./lb. . 
Salt, added per cent 

Iodine, mg./lb 

Vitamin A, U.S.P./lb. 
Vitamin D, I.C./lb. 
Vitamin E, I.U./lb. 
Riboflavin, mg./lb. 


Niacin, mg./lb 

Pantothenic acid, 

mg./lb 

Choline, mg./lb. . 


Starter 1 
Broiler I , 

All-mash 

1-mash 

Mash 
with ‘ 
jrala 


1.3 1 

1.3 

2* 

2* 

0.81 

0.8 

0.9 

0.8 

30 

25 

50 

25 

0.25-0.5 

0.5 

1 

0.5 

0.5 

0.5 

1 


4000 

4000 

5000 

4000 

340 

340 

680 

400 

9 

9 


4 

3 

1.5 

1.8 

1.2 

4 1 

3 

4 

1.5 

25 

20 

25 

15 

6 

6 

6 

3 

600 

600 

800 

450 

2 

2 

2 


30 

30 

50 


0.4-0.5 

0.4-0. 5 

1 


0.5 

0.5 

1 


5000 

5000 

8000 


600 

600 

1200 


4 

4 



3 

2 

3 


5 

3 

5 


1 35 

30 

40 


•1 8 

7 

9 


900 

800 

1000 




iod losses during normal 

.dded 


wetter droppings. Traces of manganese and iodine should also be a< 
(Table 8-5). ^ 

The tiiamin needs for groulh are extensive (Table 8-5). Vitamin _ 
be provided in poultry rations for birds kept in confinement more t ^ 
few days. Rations containing little or no alfalfa or green grass need a SU ?P. 
ment of vitamin A. Rations containing little or no animal protein ^ 
need riboflavin, pantothenic acid, and vitamin B 12 . Some rations must 
be fortified with vitamin E, choline, niacin, and unidentified factors. 

Rations for growth. Any number of chick starting and growing 131 
may be formulated from the many feeds, minerals, and vitamin supply 
on the market. If one knows the nutritive requirements (Table 8-5)* 3 , 

ances for safety (Table 8-6) and composition of feeds (Table 1, App^ 1 


Table 8-7 


STARTING AND GROWING RATIONS 1 



Gnoafce T~At.it RcrLActuEsT Stock 

Rcortns 

Starter 

G».,r 

Grower 

Restricted 

Starter 
0-5 «rk». 

Finisher 
6-10 wkt. 

Ground wheat * 


560 lbs. 

600 lbs. 

540 lbs. 

620 lbs. 

Ground yellow com 

370 

300 

600 

550 

675 

Ground barley *. 

200 

400 

260 



Pulverized oats ® 

100 

3S0 

100 



Tallow or grease, stabilized.. . 

30 



80 

so 

Dehydrated green feed 

60 

60 

75 


40 

Meat meal, 50% protein 

50 

50 




Fish meal, 65% protein 

40 

20 

20 



Dried whey 

20 

20 




Distillers’ dried solubles, corn 

20 

20 

20 



Soybean oil meal, 50% 






protein 

460 

140 

200 

715 


Ground limestone 

25 

30 

30 

40 


Dicalcium phosphate 

15 

10 

15 

25 


Iodized salt 

8 

10 

8 

6 

6 

Vitamin A stabilized 10,000 






r.CT./gm 

0.25 

0.25 

0.25 

0.25 


Vitamin D, 1500 l.C.U./gm. 

0.5 

0.5 


1 


Butylaced hydrory toluene. . 

0.25 

0.25 

0.25 

0.25 


Manganese sulfate, feed grade 

0.25 

0.25 

0.3 

0.4 


De methionine, feed grade... 




0.5 


Choline chloride, 23% .... 




2 


Vitamin Bn, 6 mg./lb 

1 

1 

1 

2 


Coccidiostat (su p.) 

+ 

+ 

+ 

+ 

+ 

Riboflavin 

2 gram 

2 gram 

2 gram 

4 gram 

2 gram 

Calcium pantothenate 

1 


1 

3 

2 

Niacin 




15 

15 

Antibiotic 

4-10 

4-10 

4-10 

4-10 

4-10 

Arsenic acid derivative 

45-90 



45-90 

45-90 

Menadione sodium bisulfite. 

1 


1 

1 

1 

Crude protein, % 

21 

15.5 

16 

24.0 

19.9 

Crude fat, % 

4.1 

3 

2.9 

6.1 

6.4 

Crude fiber, % 

4.4 

5.4 

4.2 

2.8 

2.7 

Productive energy. Cal. /lb.. 

957 

945 

968 

1004 

1036 

Calorie/Protein ratio 

45.6 

61 

60.5 

41.9 

52.2 

Metabolizable energy. 






Cal ./lb 

135.3 

136.4 

139S 

1425 

1472 

Calarie/Protein ratio 

64.4 

88 

87.4 

59 5 

74.1 

Calcium, % 

1.2 

1.14 

1 21 

1.21 

1 18 

Inorganic phosphorus, %. . 

.44 

.35 

.40 

0.36 

0.35 

Manganese, mg./lb 

25 

25.8 

27.2 

37 

35 2 

Vitamin A, l.U./lb 

3091 

3042 

3S30 

26S! 

2SI3 

Vitamin D, l.C.U./lb 

170 

170 

170 

340 

340 

Riboflavin, mg./lb 

2.2 

2 

2.2 

3.2 

2 

Pantothenic acid, mg./lb 

5.7 

5.4 

i.y 

6.3 

5.7 

Choline, mp./lb 

594 

479 

471 

639 

545 

\ itimin flu, meg. /lb 

5.5 

4.6 

46 

6 

7.5 

Niacin, mp./lb 

19.2 

18.8 

18 4 

25 1 

24.8 


' Ont»r*> ArTM^Uvril CtJletr Poultry Frol fof aeUt fee 19S5. 
• Cora m»y ftyltct iio» iniEk 
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Table 8-8 

AVE rage growth and feed consumpt.on (average or BOTH SEXES 
A E 1N POUNDS, EXCEPT WHERE NOTED) 


Weight I Feed | Weight \ Feed 


, .79 1.45 

1.16 2.10 


5 1.16 2.10 

6 1.44 3.10 

7 1.86 4.10 

8 2.22 S .20 

9 2.60 6.50 

10 3 00 8 00 

11 3.40 9.50 

12 3.80 12.00 

16 5.74 21.45 

20 6.55 30.76 



it is rather easy but time consuming to formulate a poultry ration. Ration* 
should be test fed to poultry for palatability, ease of feeding, and results I 
logical analysis. ; on 

Table 8-7 lists five ration formulas for growing chickens. The starter ^ 
for farm replacement chicks is lower in protein (21 per cent) . ^ 

broiler starter (24 per cent protein), because early, rapid growth is ^ 
in broilers but is not necessary for pullets to be raised for egg production. 

Feeding should be started as soon as the chicks are placed in the br 
pen. The feeders should be filled and placed near the source of heat unti 
chicks begin to eat well. Then they should be half-filled to reduce wa fj 3 j^ 
and moved farther away from the brooder or source of heat. Feed shou 
kept before the chicks at all times. Chick trough feeders, about three in 
deep, are satisfactory for the first two weeks ( Fig. 6-2 ) , and after that, run 
hanging feeders (Fig 7-19) or an automatic feeder (Fig. 6—4) may be us 
Chicks should be provided with enough feeding space so that at least ha 
them can eat at any time. Allow one inch of feeding space per chick the ^ 
two weeks, two inches from two to four weeks, three inches from five to eig 
weeks, and four inches thereafter. . 

The feed consumption will vary widely with the breed of chickens, gf° 
rate, protein and calorie content of the ration, and other factors. The ^ 
rate, feed consumption, and feed efficiency that may be expected for di“ ef ' 
ent species of poultry is given in Table 8-8. The growth rate and feed con- 
sumption of a special cross or broiler production is given on Table 8-9- 
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Table 8-9 

GROWTH RATE AND FEED CONSUMPTION OF 


VANTRESS X WHITE PLYMOUTH ROCK 
BROILERS (AVERACE OF BOTH SEXES) * 


Age in 
WeeVi 

Av.VVt. 

Lb*. 

Lb). Feed Per 1 
Lb. cf Gain 1 
to Date . 

Cumulative 

Feed (Lbi.I 
per Bird 

1 

0.30 

0.75 

0.23 

2 

0.58 

0.95 

0.55 

3 

0.90 

1.30 

1.17 

4 

1.33 

1.62 

2.15 

S 

1.66 

1.85 

3.07 

6 

2.10 

1.95 

4.10 

7 

2.59 

2.05 

5.31 

8 

3.05 

2.20 

6.71 

9 

3.53 

2.32 

8.19 

10 

4.03 

2.42 

9.75 


'Ontario Poultry Feed Formula), p. 34 . 


At eight weeks of age, females weigh approximately 87.5 per cent as much 
as males and have a feed efficiency about 95 per cent as good as the males. 
At ten weeks of age, females weigh approximately 80 per cent as much as 
males and have a feed efficiency abour 90 per cent as good as the males. 

Watering. An ample supply of dean water should be kept available at all 
times. Each 100 chickens should be provided with two l-galion fountains 
(Table 8-10 and Fig. 6-2) the first two or three weeks and 40 inches of drink- 
ing space or two 3-gallon fountains the remainder of the brooding period. 

Lights. A small light is desirable at all times in the brooder house. A 7 to 
10 watt bulb under the hover and a 15 to 20 watt bulb for each 200 square 
feet of floor space is desirable. 

Finishing broilers. A ration of lower protein and higher calorie content 
than that used for starting broilers is economical for finishing them (Ta- 
ble 8-7). This ration may be fed from about the sixth week until the birds 
ate marketed. Another way of reducing the protein and increasing the energy 
is to feed whole corn free choice with the starting mash from about the sixth 
week until the broilers arc marketed. Reducing the protein will not result 
in greater gains but does improve the finish of the birds and reduces the cosr 
of the ration. 

Use of hormones. Diethylscilbcsterol pellets may be implanted under the 
neck skin (Fig. 6-1 6 and p. 233) or dienestrol diacetate may be incorporated 
in the feed at a level of 30 milligrams per pound about two to four weeks 
before the birds arc marketed in order to produce a better (fat) finish on 
growing chickens and turkeys. 

Finishing pullets for layers. Chickens to be reared for egg production 
are generally started on a ration containing 20 to 21 per cent protein (Ta- 
bic 8-7). When the birds are abour eight or nine weeks old, rhe protein 
content is reduced to 17 or 18 per cent or even as low as 15 or 16 per cent 
(Table 8—1 ) , the level recommended for c eg production. 
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Table 8-10 


feed and water consumption and eating and drinking space 
FOR POULTRY * 


Kind of focltet 


Chickens, per 100 birds 


Wei 


Turkeys, per 100 birds 


0-2 

3-4 

5-6 

7-8 

9-12 

13-16 

17-20 

Mature 


(3-2 
3-4 
5-6 
7-8 
9-16 
17 to maturity 


Feed Cownmoi 


up to 5.5 
7 to 9 
10 to 13 

13 to 17 

14 to 23 
16 to 35 


up to 4 
4 to 13 
15 to 19 
23 to 35 
38 to 43 
up to 75 


Wateb Conhuftios 


16 

24 

32 

40 

45 

50-60 


1 

1.5 
2 

2.5 

3 

4 

4.5 

5 


1 

2 

4 

6 

10 

20 


2 

2 

3 

3 

4 

4 

5 

5 

3 

6 

7 

8 
12 
12 


• Ranze cover* light to heavy breed chicken* End 0 to 80 per cent production and Belt*vi!le H 
Bruited Bronze turkey, and 0 to 70 per cent production. . e we «k on. 

•• A minimum ol 6 hanging tubular feeder* per 100 bird* may be u«ed from about Ui 

Restricted feeding from about nine to ten weeks of age until the 
at about 10 per cent production (about 20 weeks) reduces feed cost 
the period and may, under certain conditions, result in economical egg 
duction during the first year. More data are needed on this P ra ^ t,c ^. ^ 
stricted nutrient intake may be accomplished by feeding a bulky 
fiber) feed or by actually withholding feed from the birds a part of eac ^ 
The former may be handled with greater ease, saving labor and lessening 
danger of birds developing faults. , . ^ 

Restricted feeding delays sexual maturity about two weeks, but it ) , 
too long, will increase broodiness of the flock. However, feed restrict 
come into production at a mote rapid rate when the restriction is ^ 

and their eggs reach normal size in a shorter period of time. This mig 
desired if hatching eggs ate wanted. ^ 

Feeding breeding cockerels. The cockerels should be separated from 
pullets when four to eight weeks old. If the cockerels are to be sold for m ^ 
they may be fed and managed the same as broiler chicks. If they are ® ^ 
kept for breeding purposes, they may be fed a growing mash and grain ^ 
choice. The nearer they reach maturity, the more grain and the less 
they will consume. ^ 

Feeding roasters. Chickens to be raised and sold as roasters, about to 
seven pounds live weight, may be fed a growing mash and grain free <n ^ 
after they are six to eight weeks old. They are generally marketed when 5- ^ 
5 months old The larger they become, the greater the per cent of gram 2 
the less the per cent of mash consumed. Since they are kept beyond the ag 
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of most rapid growth, more pounds of feed are required to produce a pound 
of roaster than to produce a pound of broiler or fryer. 

Feeding capons. Birds marketed as capons are usually five to seven months 
old. Since they are kept beyond the period of rapid growth, they may be fed 
free choice of a growing mash and whole grains. The pounds of feed required 
to produce a pound of capon is greater than for the production of a pound 
of broiler, fryer, small roaster, duck, or turkey. However, if the birds are grown 
on good grass range and fed a ration consisting largely of grains, the feed 
cost of capon production is not great. 


Feeding for Egg Production 

Feeding for egg production involves feeding for numbers of eggs, egg 
quality, hatchability, and control of molt and broodiness. The same type of 
ration may be used for all of the above purposes. However, the system of 
management is varied somewhat. It requires a better ration for the production 
of hatching eggs than for the production of market eggs. The differences are 
mainly in vitamin requirements. Since the necessary vitamin supplements are 
now becoming generally available and cheap, it is advisable to feed a ration 
that will produce harchable eggs even though they may be sold as market 
eggs. The eggs will have greater nutritive value and the layers will have 
greater vitamin reserves. This will probably result in healthier laying flocks. 

The nutritive requirements for egg production. The nutritive needs 
for egg production include those for maintenance, growth of pullet layers, 
and the nutrients in the eggs produced. The nutritive requirements will be 
greater for birds with an inherited capacity for high egg production than for 
birds that will lay only a few eggs. The standard-weight egg contains abour 
95 calories of gross energy, 7.5 grams of crude protein, and 2 grams of cal- 
cium. 

The energy needs of a four- to five-and-one-half-pound hen include .145 
to .227 pound's of feed daffy for maintenance, and .077? to .i pound for the 
production of an egg, or a total of .223 to .327 pounds. Naturally, the larger 
the bird and the larger the egg, the greater the energy needs for egg produc- 
tion. 

The protein needs for egg production include about 6.5 grams daily for 
maintenance, and 7.5 grams for the egg. An additional amount is needed the 
first few months of production to meet the growth requirements. A protein 
comcm of 16 per cent (Table 8-4) in most hying rations will generally take 
care of the protein requirements. Pullets may need as high as 18 per cent 
protein the first few months of production to take care of the intensity of 
egg production and body growth. Old hens, on the other hand, may produce 
as well on 1 3 to 1 5 per cent protein as on higher levels. 

Molting birds need proteins of high cysrinc content for renewal of feathers 
Tests conducted at the Nebraska Agricultural Experiment Station have 
shown that the daily endogenous nitrogen loss among nonmolting hens 
amounts to about 144 milligrams per kilogram of body weight, and among 


Ground yellow corn, lbs 

Oats, heavy, pulverized, lbs 

Middlings, standard, lbs 

Fat, stabilized, animal, lbs ] 

Alfalfa meal, dehydrated, 17%, lbs 

Soybean meal, solvent, lbs. _ 

Meat and bone scrap, 50% protein, lbs. . . 

Salt, iodized, lbs * •**•••• 

Trace mineral mix, 30 mg. manganese/lb. lbs. 

Limestone, ground, lbs. f 

Dicalcium phosphate, lbs. . . ... 

Choline chloride, 25%, lbs. 

Antibiotics - 

Antioxidant . . • ■ - • 

Added vitamins 

Riboflavin, gram* . 

Niicin, grams 

Vitamin A, million units 

Vitamin D, million units 

Calculated analysis 

Crude protein, % . . . . . 

Calcium, % 

Phosphorous, tOtal% 

available, % 

Riboflavin, rag/lb 

Niacin, rog./lb 

Pantothentic acid, mg/lb. 

Choline, ng/lb 

Vitamin D, I.C.U./lb 

Vitamin A, I.U./lb 

Productive energy, cal. /lb.. 

Calorie/Protein ratio 



molting hens, 219 milligrams. Evidently the molting hen breaks down t 
protein to supply the amino acid cystine for feather growth. When 145 m< 
grams of cystine were added to the diet of the molting hen, the endogenc’' 
nitrogen loss was reduced to 137 milligrams. The feeding of cystine exert 
> protein sparing out of proportion to its nitrogen content, thus indic* tlfl - 
its value for feather growth. , 

The rtinerd r.teii for egg prod uct ion are mostly needs for calcium * 


phosphorus (Table 8-6). The shell of the egg constitutes about 11 p** 
of its total Sketch t- 1c consists larrrtv of rafrittm r-irhoostr The Stalk <” : 


of its total »etght. It consists largely of calcium carbonate. The yolk { 
egg contains about 80 milligrams of phosphorus. The laying ration i 
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contain about 2.3 per cent calcium and .8 per cent phosphorus. The require- 
ments will vary within wide limits, depending on the rate of production. 
Oyster shells or some other source of calcium should be kept available to sup- 
ply additional calcium for high-producing hens. These hens will eat more 
mash feed, and therefore will secure additional phosphorus from this source. 

The egg contains 1.5 milligrams of iron. Studies made at Ohio State Uni- 
versity and elsewhere have shown that the traces of iron found in poultry 
feeds meet the iron requirements for egg production. The traces of iodine 
found in oyster shell, fish meal, and other marine products meet the iodine 
needs of laying and breeding stock. 

The salt needs are met by the use of animal protein feeds. When vege- 
table protein feeds are used, it is advisable to add 0.5 per cent sodium chloride 
to the ration. It may also be added to rations containing animal protein 
feeds. 

The laying and breeding ration should contain fifty parts of manganese 
per million for the production of normal shell texture and hatchability. 

The vitamin needs for egg production should include about 3,150 Inter- 
national units of vitamin A, 400 I.C.V. of vitamin D, and 1.2 milligrams 
of riboflavin (G) per pound of feed (Tables 8-5 and 6) . 

A hundred layers will eat from 20 to 32 pounds of feed per day depending 
on their size and rate of production. If 67 per cent of it is corn, they 
should be fed 13 to 21 pounds daily. This would be about 1.5 to 2.5 gallons 
per 100 birds daily. It is doubtful if the manager can estimate accurately the 
amount of grain to be fed daily with this system of feeding. 

Feeding layers. Feed should be kept before the birds at all times, since it 
adds to the labor and guesswork in feeding to attempt to restrict the feed- 
ing ro a certain number of hours each day. There is a tendency for heavy birds 
to become too fat when grain and/or high energy m3sh is kept before them 
all the time (Table 8-12). 

Masb feed for feeding with a limited amount of whole grain may be pre- 
pared from a concentrate as above, or compounded specifically for this pur- 
pose. A mash feed designated for feeding with a limited amount of grain 
generally contains about 20 per cent protein. To determine the proportion of 
mash and grain to feed for a 16 per cent protein intake, the following pro- 
cedure may be used as a substitute for the algebraic expression below: 

CORN 9% PROTEIN"*. .^-16 PARTS CORN 


CONCENTRATE 

32 % PROTEIN'-"’"^ ^7 PARTS CORN 

Total the parts of com and concentrate, (16 + 7 or 23). 

Divide the parts of each by the total and multiply the result by 100 to 
obtain the per cent of each to be used. 

7 -j- 23 ~ .3043 X 100 = 30.4357 concentrate 
16 -r- 25 = .6978 X 100 = 69.7891 com 
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Table 8~12 


INFLUENCE OF ENERGY LEVEL AND RESTRICTED FEEDING ON HEAVY 
BREED EGG PRODUCTION * 



Ad Lysmif 

Covt*oiled *• 

OBSEJtVATIOV 

Low Energy 

High Energy 

j Low Energy 

High Energy 

Egg production, %, 40 weeks . 

57 

S3 

41 

57 

Final body wt , lbs 

7.16 

8.19 

6.30 


Mortality, % 

7 

24 

8 

4 

Eggs per bird, hen day basis. . . 

159 

154 

115 

159 

Eggs per bird, hen housed basis 

1S4 

138 

no 

155 

Total eggs produced 

11,586 

10,371 

8,272 

11,625 

Feed per bird, lbs 1 

100.7 

89.9 

82.2 

78 5 

Feed per dozen eggs, lbs 

7.58 

6.99 

8.56 

5.92 

Egg weight, 9 mo., grams 

67.8 

67.3 

62.9 

67.2 

Productive energy of ration, 
Cal./lb 

857 

1014 

857 



* Siogren, et al , 

" according to calculated energy need.. High energy ration. fed-8S % of the low energy ration consumed 


laying rations. The composition of laying rations will vary with market 
or hatching egg production. It will also vary with the method of feedingi 
(p. 259) for instance, all-mash, mash and limited grain, or mash conceo' 
trate and grain free choice. 

Table 8-11 gives the formulas for an all-mash ration for layers in floor pens- 
It also lists the formula of mash concentrates which may be used for making 
mashes of lower protein content. These are typical of the many satisfactory 
formulas that may be developed. Nearly all agricultural colleges and experi- 
ment stations have formulas for all kinds of poultry rations suitable and eco- 
nomical for use in their sections of the country. 

Mash feeds from mash concentrates may be made by diluting the concen- 
trates with cereal grain to produce a mash of a desired lower protein content. 
For example, to prepare a 16 per cent protein all-mash from a 32 per cent 
protefn concentrate and com < 9 per cent protein ) : 

~ Number of pounds of corn required per ton. 

en 2000 — x — the number of pounds of concentrate required p* 1 


9x + 32(2000 - x) = 16 times 2000 
9x + 64,000 - 32x = 32,000 
-23x= -32,000 

x = 1391.3 lbs, corn 

c,.-t , ^000 — x = 608.7 lbs. concentrate 

a 24 n S ^ egS produCnon ma y be obtained, with light breeds, by feeding 
breeds ™ prot ' m mlsh “"Centra, e and grains free choke. Heavy 
(Table S 121 Wllh system of feeding and become too fat 

consul he ?. her * he P™"" cont “' ° f the concentrate, the less 

tt,t«”to„u c “ e r° Unt “ m Ih “ "ill be eaten. Mash concen- 
factutets. d b m,Ied W,th emas icco,d ' m B the directions of the tna""' 
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Feeding for control of molt. Birds do not molt and lay well at the same 
time. Early-hatched pullets generally Jay well for a period of two or three 
months. Then they show a neck molt which may become general unless pre- 
cautions are taken to check it. The practice used on some farms is to use arti- 
ficial lights at night. This will check the molt and hold up production for about 
a month or six weeks. Then when production starts down again, pullets are fed 
once or twice daily. 

The molting of laying hens in the fall of the year, when egg prices are 
the highest, is another problem faced by poultrymen. To avoid a molt or to 
hasten birds through it, the consumption of mash feed should be encouraged. 
The use of lights and wet mash will also be beneficial. Feathers are largely 
protein, and mash feed contains rhe nutrients for feather growth. Some 
poultrymen prefer feeding pelleted mash in place of wet mash in order to 
stimulate feed consumption. 

Some poultrymen force the hens to molt in the early summer when egg 
prices are low. The idea is to have the birds over the molt and back in pro- 
duction in late summer or early fall when egg prices are high. The mash feed 
is taken away and the birds are given water and grains for several days. The 
birds go out of production, but it is difficult to get all of them to go through 
a complete molt. The results obtained have been variable in different parts of 
the country. The forced molting of birds is a questionable practice. A better 
program is to feed the birds ro produce all the eggs they will produce all the 
time. 

Feeding for fall and winter egg production. Toward the end of the first 
laying year or late in the summer or early fall many hens go out of produc- 
tion. Such birds may be kept in production until late fall or early winter by 
the use of artificial lights, and the feeding of pellets. Slow-maturing pullets 
may be brought into production by the same practice. It also may be desirable 
to restrict rhe grain feeding in order to secure sufficient mash consumprion 
for satisfactory egg production. 

It should be remembered that hens which lay well in the fall will not lay 
so well in the spring. Flock owners who expect a high rate of production for 
hatching eggs in the late winter and spring should not force the flocks for 
high production in the fall. 

Fetxiing for egg quality'. The rations fed to laying hens influence both 
the market grade of eggs produced and their nutritive value. 

Egg size is not influenced much by the ration. A good supply of oyster 
shells or limestone grit and vitamin D results in thicker eggshells and con- 
sequently slightly heavier eggs. Age and size of bird, rate and time of produc- 
tion. and breeding are the chief factors influencing egg size. 

Shell quality is influenced by the calcium and manganese content of the 
ration and by the amount of the vitamin D factor supplied. Good quality 
oyster shells or limestone grir, or both, should be readily available for layers 
at all times. A special compartment at one or both ends of the feed hopper 
should be reserved for the shell or limestone. In case the eggshells become 
thin and crack easily, mineral consumption may be increased by sprinkling a 
handful of oyster shells over the mash feed in the hopper every day or so. 
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given more thin about four pounds of succulent feed pet hunied 
day. If birds eat certain kinds of weeds, the albumen of the eggs P 
may have a gteen or pink color, especially after being held rn stor g • g 
cottonseed meal may also produce egg whi.es wirh a prnk.sh cotar.Rauens 
high in protein produce a tougher white, which has a greater v 

stick to the shell. ' , . ^ . __t, v ]L 

Yolk color is due to the amount of a carotinoid pigment, xan hop 
fed in the ration. It is found in yellow corn, green grass, and alfalla ^ 
Birds given green grass range and fed an abundance of yellow c 
produce eggs with dark yellow yolks. Eggs with pale yolks may be pr 
by keeping birds in confinement and feeding not more than 30 p er 
yellow corn and 5 per cent alfalfa meal in the ration. . 

The use of more than 5 per cent cottonseed meal in the ration resu 
eggs with mottled yellow, salmon green, and nearly black yolks after ) 
have been held in storage for a month or longer. A trace of nicarbazm p- 


313) will also cause mottling of yolks. 

Weeds of the mustard family, such as shepherd’s-purse and penny > 
impart a very undesirable olive color to the egg yolks of hens which pas 
on them. . . •<, 

Keeping birds in confinement and feeding an all-mash ration re f u , ^ 
the production of eggs with more uniform yolk color than when bir 
given grass range or fed a grain and mash ration. 

The vitamin content of the egg is influenced greatly by the ration fed- ^ 
more vitamins A, D, and riboflavin fed in the ration, the greater will be t 
content of these vitamins in the egg. The average run of eggs contains a 
20 International units of vitamin A per gram of yolk (300 units per ’ 
The potency may be doubled when birds are fed rations high in vitamin ' 
When the vitamin A content of the ration is low, the vitamin A content ; 
drop to 5 or 6 units per gram. .. 

The average egg contains 10 to 12 U5.P. units of vitamin D per J° ^ 
When rations high in vitamin D are fed, the vitamin D content of the egg 
increased to 60 to 80 units. 

Both the white and yolk of the egg contain riboflavin. The average egg 
contains about .27 milligram or 270 gammas of riboflavin. The amount may 
be increased greatly by increasing the riboflavin content of the ration- Tn 
vitamin B J2 content is also influenced by the ration fed. . e 

Feeding for hatchability. It requires a better ration for the production 0 
hatching eggs than for the production of market eggs. The hen must store 
all the nutrients in the egg that are needed for the development of the eE ° bl ?° e 
Since much mineral material needs to be assimilated in the embryo, tn 
vitamin D content of the egg must be high for hatchability. The riboflavin 
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Table 8-13 

RELATION OF EGG PRODUCTION, RATE OF FEED CONSUMPTION AND FEED 
EFFICIENCY IN BIRDS OF DIFFERENT WEIGHT * 


Weight or Bi*u* (Lbs.) 


Rate or Egg 
Pbocvctioh 

. * 1 

I * . 

1 « 

1 

Daily I 
1 Per 100 1 
| Hen* | 

Per Doe 
E ss» 

Diily 
Per 100 
Hen* 

Per Do*. 
E SS* 

Daily 
Per 100 
Hen* 

Per Do*. 
E*S* 

Daily 
Per 100 
Hen* 

Per Do*. 

Ess» 

% 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

0 

16 


18 


20 


22 


10 

17 

20.3 

19 

23.2 

22 

25.9 

24 

28.4 

20 

18 

11.0 

21 

12.4 

23 

13.8 

25 

15.1 

30 

20 

7.9 

22 

8.9 

25 

9.8 

27 

10.6 

40 

21 

6.4 

24 

7.1 

26 

7.8 

28 

8.4 

50 

23 1 

5.4 

25 

6.0 

27 

6.6 

29 

7.1 

60 

24 

4.8 

26 

5.3 

29 

5.7 

31 

6.2 

70 

25 

4.4 

28 

4.S 

30 

5.2 

32 

5.5 

80 

27 

4.0 

29 

4.4 

32 

4.7 

34 

5.0 

90 

28 

3.8 

31 

4.1 

33 

4.4 

35 

4.7 


• Ontario Poultry Feed Formula*. 1958 p. 26. 


and Bi« content of the egg must also be high in order to meet the growth re- 
quirements of the embryo. 

Special care in feeding is necessary when the breeding flock is kept in 
confinement. The birds should be fed fish oil or other sources of vitamin D 
to take the place of sunlight, and high-quality alfalfa or other legume hay 
to take the place of green grass. The breeding ration should also contain nat- 
ural feedstuffs rich in B-complex vitamins such as liver meal, fish solubles, 
fish meal, milk, whey, brewers' yeast or distillers' solubles. Pure riboflavin, 
vitamin B 12 , niacin, pantothenic acid or concentrates rich in these factors are 
now being used to replace most of the above feeds. 

Most poultrymen believe that it pays to feed for the production of hatching 
eggs even though they are to be sold for market. The eggs will be of higher 
nutritive value. The birds will have higher vitamin reserves and better health. 

Feed consumption of laying hens will vary with the size of birds, rate of 
production, kind of ration, weather conditions, and housing (cages or floor). 
The following formula maybe used as an aid in estimating the feed con- 
sumption. Daily feed consumption of 100 hens = 83 + 22 (avg. wt. of 
birds) + 0.1 (per cent egg production). 

Table 8-13 gives the estimated daily feed consumption of layers of dif- 
ferent weight and egg production. Over 50 per cent of the feed eaten is for 
required nourishment. Small breeds eat considerably less feed than heavy 
breeds to produce the same number and weight of eggs, because they require 
less feed for nourishment. 

Breeder male feed consumption is about the same as that of meat-type 
hens. The)- need less mash feed and calcium and more grains than the laying 
hens. 
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Fattening Poultry 

; the quality of the meat and to increase the 


Poultry is fattened to improve roore easily than 


gmwing^stock^Th^rat^omTed'anr'lh'e'length of”t^ft n ishit^^f at * a “ n 8 

period influence the gains and the qualny of the product product^. ^ ^ 
The fattening or finishing period is short, varying from 

the case of hens to about two weeks for fryers. . n *j. t hat are 

Hie birds should be confined to pens or fattening batteries. B 


unusually active, easily frightened, or restless do not gain well. 

_ j; no cn^rinl nrnviSN 


Since the feeding period is short, no special provision ^ tQ 

vitamins A and D in the ration. Fish oils and alfalfa that are J 


need be made for 


supply these vitamins may be replaced by corn in the fa « en ‘ n S j on and 
The feed should consist mainly of ground grains. All of th ^ ^ 


liquid consumed is given in the form of a wet mash. The birds eat more 
. . t ... r.t. : u to their needs lor 


uquiu CUUSU 1 IISM u . 

the mash than they otherwise would, in order to satisfy their ^^ nrS eas Hy- 


The mash is generally mixed with milk to make a batter that 
Milk adds to palatability of the fattening ration and results in better g 


The fattening mash and milk or water are generally mixed i^the p*jlP^ 


tion of forty parts by weight of mash and sixty parts of liquid to r 
mash of the proper consistency' for pouring. b a . 

Feeding practice. It is customary to fatten or finish fryers, roas . 
pons, and old hens, unless they are already in good flesh. ^ 

The birds are generally confined to pens, coops, or batteries, very 
feed is given the first day of confinement in order to develop a keen app 
The birds are given about as much feed as they will clean up in abom ^ 
minutes in the morning of the second day, and as much as^ they ^ ^ 


ud in ten minutes in the evening. On the third day, the birds may be 
JLu ™ end nlohr in fifteen- to thirty- 


much as they will clean up morning, noon, and night in f 
minute feeding periods. , lhe 

In large fattening stations, birds are fed by what is sometimes term ^ 
"continuous pouring” method. They are given as much feed as they 
clean up in a few minutes several times a day. at 

Hens are generally fattened for about a week if in poor flesh, but 
all if in good condition. The gains are usually small, generally not more 
about 7 per cent However, the quality of the meat is improved. Gains 

Roasters , including capons, are generally fattened about ten days 
of 5 to 15 per cent may be expected. 

Fryers, including large broilers, may be fattened for about two wee _ ’ ^ 
as long as rapid gains and good feed consumption are maintained. Gaiu 5 
10 to 30 per cent may be expected. . 

Quality of poultry meat. The fattening ration influences the skin c ° ’ 
tenderness of the meat, flavor, firmness of the fat, and vitamin content o 
edible tissues. 

Sktn color, in yellow-skinned varieties, is influenced by the _f a j tetU f| 
ration. White corn and milk in the fattening ration results in birds * 
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pale skin color. Birds fattened on range and fed an abundance of yellow corn 
have a rich yellow skin color. 

Tenderness of meat is influenced some by the ration fed as well as by age 
and the method of cooking. Rapidly growing and well-fattened birds are more 
tender than slow-growing and poorly fattened ones. Range- fattened birds are 
tougher than those fattened in pens or batteries. 

Flavor of poultry meat is influenced by the ration fed. The use of oily fish 
meal or fish oil in the fattening or finishing ration should be discontinued 
at least two weeks before the birds are marketed. Otherwise, the cooked meat 
may have a fishy odor and taste. 

Birds fattened largely on corn have a meat that is more palatable and juicy 
than birds fattened largely on wheat. 

Far may be increased in the muscles and elsewhere by admin istracion of 
estrogen just before and during the fattening period. Mutton fat added to 
the ration produces a firm fat while vegetable oils produce a soft fat. 
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Chapter 9 


Poultry Diseases 


Disease may be DEFINED as any deviation from the normal state of 
health, whether it be a slight ailment or one endangering life. Poultry 
diseases and their control are costly from the standpoint of actual losses be- 
cause of the cost of drugs, vaccines and disinfectants and labor involved in 
their use for prevention and treatment of poultry ailments (Table 9— 1). 

Table 9-1 


MORTALITY IN RANDOM SAMPLE AND EGG LAYING TESTS * 


Kinp or Poultry 

Numrer or 

[ Mortality Per cevt 

Eyerie* 

Average 

Range 


Chicken laying flocks 




Egg laying contests 

5 contests 

9.15 

5.24 to 11.91 

Egg laying contests 

11 breeds 

9.15 

3.S5 to 15.38 

12th Georgia broiler-breeder test 

25 entries 

8.10 

0.00 to 32.50 

Random sample egg laying 

10 contests 

10.40 

5.00 to 20.00 

Meat performance tests 

15 entries 

8.00 

5.00 to 13.00 

Chicken broilers 




10th California test (9 wks.) 

17 entries 

2.5 

0.0 to 5.0 

12th Maine test 

20 entries 

1.6 


6th Michigan test 

6 entries 

3.4 

0.9 to 5.5 

Arkansas tests (S irks,) 

13 entries 

2.5 

0.8 to 3.2 

Turkeys 




4th Massachusetts test (24 wks.) 

20 entries 

4.8 

0.0 to 15.4 

Minnesota test (25 wks.) 

20 entries 

8.8 

7.7 to 9.7 

Pennsylvania test (26 wks.) 

30 entries 

11.9 

2.1 to 25.9 

5th Texas test (26 wks.) 

23 entries 

7.9 

4.0 to 16.0 


• Council of American Offciil Poultry Trad. I9S7-1953. Report 2tX 


In the losses from disease, one must consider not only mortality but losses 
from poor hatchability, growth, and production; poorly finished market birds; 
and overhead expense of partly filled houses and idle equipment which result 
from mortality and removal of sick birds. 

Disease 

Terminology’. A knowledge of common disease terms is needed in study- 
ing poultry diseases. A few of the most widely used terms arc listed here. 

2$l 









Fig. 9-1. Some diseoie-prcxfudng microorganiimi, magnified teverol hundred ' . ^ 

left, coed or round bacleria, found in pur ond iVin lesiom; center, bo dll* of ro °*°£ er p„rv- 
terla, caute pullorum disease; right, ospergillus or mold, couses aspergitlosis or r *^ on ~ a 
monio. Bottom: left, spirilla or curved bocterio found in some blood diseases; center, 
or mold, causes thrush; right, protoxoa, eoeddia— the cause of coccidiosis. 

Infection is the invasion of the tissues of the body by pathogenic 
isms in such a way as to favor their growth and permit their toxins to mj 
the tissues. 

Pathogenic refers to the ability of an organism to cause disease. ^ rrrfne 
Immunity is the power of resistance of an animal to resist and overccn* 
infection. 

Etiology is the study of the cause of a disease. 

Inflammation is the reaction of body tissues to irritation. It is chars ^ 
ized by swelling, heat, redness, and pain. The ending, "itis” is often use 0 ^ 
indicate inflammation of a part; for example, enteritis means inflammation 
the intestines. 

A lesion is any hurt, wound, or local degeneration of tissue. •, 

A vaccine is a suspension of living disease-producing organisms (bad 
or viruses). 

A bacterin is a suspension of dead disease-producing organisms. 

A toxin is a poisonous substance produced by bacterial action. . 

Causes. Diseases may be produced by living organisms such as paras« 
protozoa, fungi, bacteria, and viruses ( Fig. 9-1 ) . v 

Parasites are here regarded as small multicellular animal organisms- t* 
amples axe lice and roundworms. 

Protozoa are microscopic one-celled animals. Exam ples are the causal 
organisms of coccidiosis and blackhead. 
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Molds or fungi are low forms of plants. A few of the many forms which 
appear in nature produce diseases. Examples of poultry diseases produced by 
them are aspergillosis and favus. 

Bacteria are microscopic one-celled plants. They are widely distributed in 
nature, but only a few of them produce disease. Examples of bacterial poultry 
diseases are pullorum and tuberculosis. 

Viruses are organisms so small that they cannot be seen even with the 
microscope. The proof of their existence is their ability to reproduce disease 
by introducing substances containing them into the body of a susceptible 
animal. Fowl pox and laryngotracheitis are examples of poultry virus diseases. 

The disease-producing organisms may gain entrance to the body by way of 
the mouth, nose, eye, skin, cloaca, or egg. They produce disease by irritation, 
inflammation, use of body nourishment, mechanical obstruction of organs, 
destruction of tissue, or production of toxins. 

Disease may also be produced by body deformities, injury, faulty nutrition, 
poisons, and poor environment. This group of diseases is not transmissible 
from one bird to another. 

Infections. The ability' of disease-producing organisms to produce disease 
depends upon a number of factors. 

Virulence of organisms is a determining factor in the production and 
severity of an infectious disease. The longer infective agents are awav from 
the body and the more they are exposed to adverse environmental conditions, 
such as high and low temperatures, drvness, air, sunlight, or disinfectants, the 
less the chances that they will produce disease. 

The number of organisms gaining entrance to the body influences disease 
production and its course. Small numbers of disease-producing organisms may 
be thrown o/F by the bod}’, bur massive doses cannot be combated by the 
natural body defenses. 

Resistance of birds or their immunity against infection influences disease 
production. Immunity may be inherited or it may be acquired. It may be 
acquired by having had the disease or by the intake of a few organisms from 
time to time which stimulated the production of immune substances. 

Well-fed birds have greater natural resistance against infection than im- 
properly fed individuals. 

Overcrowding, drafts, extremes of temperature, and forced production 
lower resistance against infection. 

Spread of disease. The parasites, fungi, protozoa, bacteria, and viruses may 
escape from the body of diseased birds by way of the droppings, mouth, 
wounds, or by blood obtained by blood-sucking insects. After leaving the body 
of the bird, the disease-producing agents may be passed on to susceptible 
birds in a number of ways. 

Utter and soil contaminated by droppings from diseased birds arc probably 
the most common means of spreading disease. It seems to be the nature of 
birds to pick up material from the litter and soil. In so doing, they arc likely 
to become infected, if many disease-producing organisms are present. 

Feed arj water contaminated by droppings or discharges from the mouth 



234 POULTRY: SCIENCE AND PRACTICE 

of infected birds serve as a common means of 

chickens on the ground or litter and permitting them to drink It J 
vessels or water puddles increase the chances of spreading dtseas . 

Close contact may be a means of spreading mental P*™ 1 "?,. 
spiratoty diseases. Healthy birds may inhale germs from tjisea f nc bird 
are coughing, sneezing, or gasping for breath. Lice may 

“ Antd carriers spread disease. These include fowls, wild birds, 

vermin. Some fowls may harbor disease-producing organisms, e.g. 

and yet show no external symptoms of disease. Wild birds »M ^ aD . 
some of the diseases that affect poultry. They may fly from one 
other, carrying disease germs with them. Flies, mosquitoes, earth ’ fa 
bugs, and ticks may carry disease organisms and serve as interme 1 
the development of some of these organisms. Rats may also serve a 
of spreading disease. Dogs, cats, and other farm animals may carry 

material on their feet. . ; nc i u des 

Movable equipment may be a means of spreading disease, inis 
cleaning equipment, coops, feeders and caterers, feed sacks, an egg 
The attendant or visitors may carry disease-producing organisms 
feet and clothing. 

Disease Prevention 


The most efficient and economical method of controlling disease lies 
use of preventive measures. The old adage, "an ounce of prevention is ^ 
a pound of cure," certainly applies to poultry diseases. The chicken has 
unit value. Medicine and treatment often cost more than the bird |S ^ 

Most diseases have a lasting after-effect on growth or production. Floe 
ventive measures should be used. These include selection for “ lSt f sC . ^ 
sistance, proper housing, clean range, proper feeding, culling out u 
birds, and quarantine of new stock. j. 

Selection of stock. Select healthy fowls for breeders (p- 80). Use J? 
lomm-tested stock (p. 108). Hatch from hens rather than from pullets, ^ 
affords more information about the livability of the parents. Use male 
in the breeding pens that come from families having good livability- ^ 
Proper housing. Provide adequate floor space (p. 184). This reduces 
chances of cannibalism and the spread of disease by close contact and 
taminated litter. ^ 

Provide adequate ventilation but avoid drafts. Avoid sudden changes 
temperature. Drafts and extremes in temperature lower the resistance or P 

and make them more susceptible to disease. .. 

Use dropping pits or dropping boards to lessen the chances of spread^ 
disease by droppings. , 

Use sanitary feeders and waterers. The more fecal material kept out of f 
feed and water, the less the chances of disease. . _ 

Use litter and change it often enough to keep the house reasonably C 
and dry. Built-up litter (p. 285) may accomplish the same purpose. 



POULTRY DISEASES 


285 


Table 9-2 


INFLUENCE OF LITTER ON* BROILER GROWTH AND MORTALITY * 


Trial 

Kind of litter 

Mortality 
j Per cent 

A'y. Wt. 1 
Pound* l 

Feed Per Lb. 
of Giin/Lbt. 

1-8 wks. 

Compost 

S.2 

2.47 



Compost plus antibiotic 


2.54 



1 New* 

5.2 

2.44 , 



New plus antibiotic 

4.0 

2.71 1 



Compost 



2.95 


Compost plus antibiotic 

2.5 

3.29 1 

2.89 


New 

1.7 

3.13 

2.93 


New plus antibiotic 

1.7 

3.23 

2.85 

3-10 wks. 

Compost litter 





AH vegetable protein ra- 

1.25 

3.12 



tion 

1.25 

3.12 



Animal protein ration 

New linen 

1.67 

3.22 



All vegetable protein ra- 

1.25 

3.00 



tion 

1.25 ! 

3.00 



Animal protein ration 

1.67 

3.11 



• Kennard « »1. 


Ranges and yards. The keeping of birds on the same range year after year 
will result in severe contamination if diseased birds are present in the flock. 
Some disease germs and parasite eggs will live in the soil for a year or more. 
Good drainage and aeration of the soil help keep down infection. Keeping the 
grass cut short or grazed closely provides young, render vegetation for the 
birds and at the same time permits greater penetrating power of sunlight. 
Permanent shade is objectionable — unless there can be good rotarion of 
range with the birds off the ground for two or more years — because it keeps 
out sunlight and keeps the soil damp. Shady, damp places are favorable for 
the protection of disease-producing organisms. 

The rearing range should be changed each year so that each range has a 
two- or three-year period during which no birds arc kept on it. The same ap- 
plies to yards attached to permanent houses. Cropping unused ranges and 
yards assists in keeping them safe for poultry. 

If only one small range is available and it becomes contaminated, keep the 
birds in confinement. Present-day poultry rations, with the birds kept on 
compost litter, are believed to supply all of the essential nutrients birds 
obtain when on range. 

Sanitation. Sanitation is the establishment of environmental conditions 
favorable to health. Good houses, equipment, and yards need ro be kept 
clean in order to lessen the chances of disease. 

Built-up litter may be a means of controlling diseases according ro Kennard 
and associates of the Ohio Agricultural Experiment Station (Table 9-2). The 
chicks are srarted on old (six months or more) used litter rather than on new 
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pathogens such as viruses, bacteria, and protozoa. The compost 
marked B-complex vitamin and protein sparing properties. . don 

The use of compost litter is an entirely opposite approach 
from the following recommendations that have been m use for . 

Cleaning the drinking and feed vessels, perches, nests, floors, and the » 
terior of a house before each new lot of birds is horn. ed aids in daau P > 
vention. Keeping the equipment and pens clean while birds are 

further precautionary measure against disease. , ..vtA. 

Removal of droppings and litter to a distant part of the farm w 
ens will not range, and keeping manure storage pits screened agams 
helps prevent the spread of disease. Manure piles serve as bre mg P 2 
flies. These insects carry disease and serve as hosts for tapeworm ana 

Disinfection or the killing of any remaining disease-producing or S an ' s ’^ 
will further reduce the possibilities of disease. Chemical disinfectants are 
always necessary or practical for this purpose. , ^ 

Most pathogenic bacteria and viruses soon lose their virulence 3n 
when they are away from’ the body of the bird. Drying and exposure t0 
and light aid in their destruction. Thorough cleaning of the house and p- 
ment removes many organisms mechanically and exposes the remaining ^ 
The action of air and light will generally destroy them, especially « 
house is allowed to remain empty for a time. - c 

Chemical disinfectants may be used to hasten the destruction of pathog ^ 
organisms. In most cases the warmer the temperature, the longer the time 
action, the stronger the solution of disinfectant, and the smaller the am 
of material to be disinfected, the better the effect of the disinfectant. It mu 
be remembered that disinfectants react with feces, litter, dust, feed, and o 
organic matter and may be "used up” before coming in contact with bacteria- 
Therefore, cleaning should be thorough before disinfectants are used. 

Whitewash, consisting of 1 pound of commercial lye (94 per cent soai 
hydroxide) and 2V$ pounds of water-slacked lime in 51/2 gallons of water, 
is a cheap, odorless, and efficient disinfectant for general farm use. On P r0 ^ 
longed contact, it may be injurious to painted or varnished surfaces, so® 
fabrics, and aluminum. It does not injure metallic and wooden fixtures 
erally found on the farm 

Cresol and other coal tar disinfectants are stable noncorrosive produ 
which may be used on poultry house floors and equipment. A 3 pc f cen 
solution is generally used These products should not be used in egg, meat,® 
other food storage rooms because of the odor transmitted to the foods. ^ 

Disinfectants should be used for the purposes intended and according 
the directions of the manufacturers. Some are corrosive to metals, s°® 
lack stability, and some produce objectionable odors which may be absorb 
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by eggs. Disinfectants should be purchased on their strength or the number 
of gallons of ready-to-use solution that may be made with a given unit of 
the disinfectant rather than on the price per gallon. Some of the disinfectants 
used on poultry farms are chlorine compounds, quarternary ammonium 
compounds, coal tar disinfectants (cresol) and lye. 

Feeding. Proper feeding not only protects poultry against nutritional 
diseases, but results in better vigor and greater resistance against infection by 
disease-producing organisms. Vitamin A, for instance, stimulates normal 
secretory power of the epithelial tissue lining the respiratory and digestive 
tracts and hinders secondary bacterial infections. Adequate supplies of vitamins 
in the ration afford protection against parasite infestation. A liberal supply 
of protein in the growing ration increases resistance against coccidiosis and 
worm infestation. 

Removal of unhealthy birds. Whenever unhealthy birds (Table 9-6) 
are observed in the flock, they should be removed at once. They are often car- 
riers of disease. Unless the bird is a valuable one, it should not be returned 
to the flock when and if it recovers. Such birds often get out of condition 
again. It is better to sell them for meat purposes. 

Protection against carriers of disease. Do not allow pigeons and wild 
birds, especially sparrows and starlings, to roost in the houses or feed with 
the poultry. 

Avoid the use of feeds and feeding practices which attract flies or other 
insects in unusual numbers. 

Exterminate rats and mice. 

Use new feed sacks for poultry feeds, especially for the growing stock. 

Use clean coops for handling birds. Clean and disinfect them before use 
in another house or on another farm. 

Young chicks should be brooded quite a distance from old stock. If the 
same person must care for both the young and old stock, the shoes should be 
cleaned and disinfected by stepping in a pan of disinfectant, or rubbers should 
be put on before going into the brooder house or on the range. 

Quarantine of new stock. New stock to be added to the poultry flock, or 
birds that have been away from the farm at shows, fairs, or other exhibits, 
should be held in coops or pens away from the flock for about two weeks, to 
make sure that they do not have any disease or show symptoms of disease in- 
fection. 


Disease Control 

Disease may gain entrance to a flock and outbreaks occur in spite of the 
use of preventive measures. In case of an outbreak of disease in which the 
cause and control measures ate unknown, a veterinarian should be consulted. 

Outbreaks of disease. In case of an outbreak of disease, all sick birds 
should be removed from the flock and placed in another building. If the 
disease is general, the flock may be left inract and the entire group treated. 

Fresh feed and water should be kept before the birds in clean containers. 
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Table 9-3 


PRINCIPAL DISEASES OF GROWING CHICKENS AND THE PER- 
CENTACE DISTRIBUTION AMONG THE AUTOPSIES 


DltCAIfc 

Ace or Br*»* 

I-t Week. 

5-17 W«k» 

13-24 Weeks 


27.9 

0.7 

0.6 


20.5 

49.7 

24.5 

Ulceration (gizzard) 

10.9 

4.9 


Fowl typhoid 




Pneumonia 




Chick bronchitis 

3.1 

2.6 

0.7 

Colds and coryza 

2.5 

6.3 


Enteritis 

2.4 

6.0 


Nutritional dermatitis 

2.3 

0.2 


Nephritis 

2.1 

1.0 


Nutritional paralysis 

1.6 

0.2 


Infectious laryngotracheitis 

1.4 

2.6 


Rickets 

1.4 

1.3 


Streptococcus infection 

u 



Paralysis 


3.8 

14.6 

Roundworms (intestinal) 


1.7 

7.9 

Tumors 


0.7 

3.5 

Tapeworms 


0.2 

2.9 

Leucosis 


0.6 

2.4 


* Hoffmann and S to ref. 


In case of poisoning, diarrhea trouble, Or consriparion, give the flock a 
laxative. For flock treatment of adult birds, use a pound of Epsom salts in 
two gallons of water per hundred birds. Individual doses of laxatives consist 
of one-half teaspoonful of Epsom salts in one or two tablespoons of water, 
or one- half to one teaspoon of castor oil. Liquids may be given with a hollow 
tube provided with a bulb on one end or with a pipette. 

Other control measures to be used will depend upon diagnosis of the 
disease. 

Diagnosis of poultry diseases. A careful observation of external symp- 
toms and autopsy findings are valuable aids in the diagnosis of poultry dis- 
eases. Other data needed in arriving at a correct diagnosis include history of 
the case or outbreak, age of birds affected (Tables 9-3 and 4), per cent of 
flock affected, housing and yard conditions, the ration being fed, management 
practices used, and treatment that has been given. 

The distribution of causes of mortality in broiler flocks in one of the broiler 
producing areas is shown in Table 9-5- It may be observed that respiratory 
diseases and coccidiosis ate the principal troubles in broiler flocks. Preventive 
vaccination programs (p. 333) and the use of coccidoscats (p. 313) will 
reduce losses. 
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Table P — 4- 


PRINCIPAL DISEASES OP MATURE CHICKENS AND THE PER- 
CENTAGE DISTRIBUTION AMONG THE AUTOPSIES * 


Disuse 

Ace or Buds 

7-12 Month. 

1-2 Year. 

Over 2 Year. 

Colds and coryza 

1 1.5 

7A 

7.7 

Roundworms (intestinal) 

11.3 

10 . S 

7.2 

Coccidiosis 

S.6 

4.9 

1.4 

Leucosis 

7.8 

4.9 

3.5 

Fowl cholera 

6.3 

7.7 

9.4 

Enteritis 

5.7 

5.3 

2.4 

Tumors 

5.6 

7.2 

13.4 

Ruptured yolk 

5.1 

5.0 

7.5 

Paralysis 

3.9 

2.5 

1.1 

Pox 

2.8 

3.2 

4.9 

Tapeworm 

2.7 

1.4 

1.8 

Infectious laryngotracheitts 

2.6 

2.8 

4.6 

A-avitaminosis 

2.2 

1.4 

1.2 

Roundworms (gizzard) 

2.0 

3.2 

2.0 

Lice 

2.0 

2.2 

2.9 

Cannibalism 

1.6 

1.2 

0.3 

Peritonitis 

1.3 

1.7 

1.6 

Nephritis 

i.l 

1.9 

1.4 

Salpingitis 

1.0 

2.0 

2.4 

Pullorum 

0.7 

1.8 

1.6 


• Hoffmann and Stover. 


Mature chickens show an increase in tumors and are more likely to si 
from cholera, fowl typhoid, and pullorum ( Table 9-4 ) . 

External examination, while helpful, is often insufficient for acci 
diagnosis. A bird may show certain symptoms that will indicate several 
cases. As an example, lameness may indicate scaly leg, polyneuritis, viram. 
deficiency, rickets, bumblcfooc, nutritional paralysis, tuberculosis, sod disi 
parasites, perosis, range paralysis, or injury. External symptoms, aun 
findings, and the diseases indicated are summarized in Table 9-6. 

Poit-mortem examination generally adds additional information to 
obtained from external symptoms. 

The bird should be killed by breaking the neck. Cut the skin between 
vent and rear of the keel around on both sides near the thighs and across 
ribs. Press the legs away from the body until they are thrown out of joint, 
the skin forward and to the sides to expose the entire breasr and abdorr 
surface (Fig. 9-2). 

A cut should then be made through the muscles just back of the brt 
bone and forward through the ribs on each side in the direction of the 
tachmcnt of the wings. Raise the rear of the keel and push it forwan 
expose the viscera. 

The organs should be examined carefully before removal. Observe ih< 
sacs, the pleura! and peritoneal linings, the pericardium, and the mesentt 




Fig. 9-2. Autopsy for diagnosing disease. 


for indications of inflammation, unusual deposits, and the presence of ab- 
normal tissue. Look for the presence of fluid, yolk material, or other abnormal 
substances in the body cavity. 

The intestinal tract should be removed and split open with scissors. Look 
for thickened walls, hemorrhages, ulcers, worms, and other abnormalities. 
Observe the characteristics of the contents of the intestinal tract. Suspension 
of a section of the intestine in a jar of warm water helps to reveal small 
worms. 

Open and examine the trachea for inflammation, mucus accumulation, 
and the presence of parasites. 

By checking the abnormalities found with the diseases indicated in Table 
9-6, it is often possible to diagnose the disease. Further proof may be se- 
cured by microscopic examination of tissues, bacteria! cultures, and inocula- 
tion tests. 

Nutritional Diseases 

Unnatural brooding, housing, and feeding conditions; rapid growth; forced 
production; and the use of processed feeds may often result in nutritional 
deficiencies. 

Vitamin A deficiency. Vitamin A deficiency disease is also known as 
nutritional roup and avitaminosis A. It may affect poultry’ of all ages that are 
deprived of green grass range or other sources of vitamin A. 
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Table 9-5 


CAUSES OF BROILER MORTALITY 


Diagnosis 

TotsC 

Mortality 

Per Cent 
ChicVs Started 

Per Cent 
Total Mortality 

Respiratory* Diseases 

9,170 

3.5 

32,2 

Omphalitis 

3,038 

1.2 

10.7 

Coccidiosis, caeca! 

3,010 

M 

10.6 

Unsalable 

1 ,840 

0.7 

6.5 

Lymphomatosis, neural 

1,449 

0.6 

5.1 


1,050 

0.4 

3.7 

Cannibalism 

999 

0.4 

33.5 

Coccidiosis, Intestinal 

978 

0.4 

3.4 

Stunted birds 

923 

0.4 

3.2 

Traumatism 

891 

0.4 

3.1 

Laryngotracheitis 

70 7 

0.3 

2.5 

Predators 

564 

0.2 

2.0 

IJ!uecomb 

54S 

0.2 

1.9 

Gout, visceral 

509 

0.2 

1.8 

No diagnosis made 

475 

0.2 

1.7 

Lvmphamotisis, visceral 

317 

0.1 

>•' 

Pericarditis and Peritonitis 

276 

0.1 

1.0 

Epidemic Tremors 

270 

o.i 

0.9 

Hemorrhage 

266 

0.1 

0.9 

Malformations 

240 

0.1 

0.8 

Constipation 

233 

0.1 

0.8 

Abscesses 

226 

0.1 

0.8 

Vovulus on intussusception 

138 

0.1 

0.5 

Dropsy 

109 



Moniliasis 

99 



Pcrosis 

53 



Enterohepatitis 

45 



Ulcerations, Intestinal 

16 



Ascariasis 

2 




• Setter and Waller 


Symptoms among growing chicks include slow growth, ruffled feathers, 
paleness, drowsiness, staggering gait, inco-ordination of movements, crouching 
on the hocks, inflammation or dryness of the eyelids, cheesy material in the 
eyes, emaciation, weakness, and finally death. 

Symptoms among hens include cessation of egg production, drowsiness, 
white cheesy material in the eyes, a nonodorous discharge from the nostrils, 
emaciation, weakness (Fig. 9-3), staggering gait, whitish droppings, and 
low resistance against respirator)* infections. 

Autopsy characteristics of vitamin A deficiency include pusmlc-like lesions 
in the mouth and gullet and swollen, grayish kidneys and ureters dogged with 
uric acid. 

More careful study reveals a degeneration of the epithelial lining of the 
respirator)* system and the upper digestive system, nerve degeneration, and 
an excess of uric acid in the blood. 

Pretension of vitamin A deficiency is accomplished by providing green 



Table 9-6 

DIAGNOSIS OP DISEASES AS INDICATED BY EXTERNAL SYMPTOMS AND 
AUTOPSY EXAMINATION 


Structure, etc. 

Abnormalities 

Dutiw Indicated 

Comb 

Deep red 

Purple 

Pale 

Blister or scabs 

Cholera, botulism, blackhead 

Cholera, poisoning, blue comb 
Parasites, typhoid, tuberculosis, 
leukemia 

Fowl pox 

Eyes and nostril? 

Exudate in 

Colds, roup, vitamin A deficiency, 
coccidiosis 

Mouth and throat 

Ulcers in bloody 
mucus 

Roup, fowl pox, thrush, laryngotra- 
cheitis 

Infectious bronchitis 

Feathers 

Unthrifty 

Falling out 

Worms, lice, mites, vitamin deficiency 
Feather pulling, botulism 

Wings 

Drooping 

Parasites, coccidiosis, vitamin de- 
ficiency, bacterial diseases 

Legs 

Lameness 

Paralysis 

Injury, gout, bumblefoot, vitamin 
deficiency, perosis 

Leucosis, tapeworms, coccidiosis, tu- 
mors, vitamin deficiency, synovitis 

Neck 

Limber 

Twisted 

Botulism, poisoning, cholera, New- 
castle 

Worms, poisoning, tumors 

Diarrhea 

Green 

White 

Yellow 

Bloody 

Typhoid 

Pullorum, vitamin A deficiency, 
worms, cholera, coccidiosis 

Cholera 

Coccidiosis, cholera, hemorrhagic 

Crop 

Distended 

Crop bound, sour crop 

Vent 

Inflamed, protruding 

Prolapse 

Weight 

Light, emaciated 

Parasitic, cholera, coccidiosis, leu- 
cosis, tuberculosis, C.R.D. 

Temperature 

Elevated 

Subnormal 

Cholera, typhoid, pullorum, tuber- 
culosis, tracheitis 

Botulism, vitamin deficiency 

Respiration 

Difficult 

Bronchitis, gapes, aspergillosis, pneu- 
monia, Newcastle 
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DIAGNOSIS OF DISEASES AS INDICATED BY EXTERNAL SYMPTOMS AND 
AUTOPSY EXAMINATION (cont’d.) 


Structure, etc. 

Abnormalities 

Disease Indicated 

Liver 

1 Enlarged 

Typhoid, leukemia, blackhead 


Spots 

Typhoid, cocci diosis, tuberculosis, 
tumors, blackhead 


Yellow 

Chilling, overheating 

Intestinal tract 

Congestion 

Cholera, parasites, coccidiosis, poi- 
sons, vitamin B deficiency, hemor- 
rhagic 


Thickened ulcers 

Parasites, coccidiosis, tuberculosis, 
blackhead 


Nodules 

Tapeworms, tumors, tuberculosis 

Kidneys 

Swollen, light colored 

Vitamin A deficiency, cholera, ty- 
phoid, toxins 

Ovary 

Discolored or irreg- 



ular ova 

Pullorum, tumors 

Heart 

Small hemorrhages 

Cholera 


Grayish spots 

Typhoid 

I.ungs 

Congested with blood 

Cholera 


Pus spots 

Pullorum, pneumonia 


Green or brown 

Mycosis 

Trachea and bronchi 

Blood and pus 

Infectious bronchitis 


Worms in 

Gapes 

Air sacs 

Pus in, thickened 

Newcastle, C.R.D., bronchitis 


grass range or feeding yellow corn, dehydrated alfalfa meal, and feeds con- 
taining carotene or vitamin A (Table 1, Appendix). 

Fowls may be cured of vitamin A deficiency disease by feeding cod liver oil, 
vitamin A acetate, or a solution of carotene in a vegetable oil. The vitamin A 
requirements of poultry are given on p3ge 265. 

Vitamin Bj deficiency disease. This disease is also known as avitaminosis 
B and polyneuritis. It is a nerve disease which may affect fowls of all ages de- 
prived of green grass range and fed degerminated grains. Since most rations 
contain the germs of grains, vitamin B t deficiency is of rare occurrence. 

Symptoms of vitamin Bi deficiency include loss of appetite, cessation of 
growth or production, spastic head contractions (Fig. 9-d), complete pa- 
ralysis, and high mortality. 

Autopsy reveals darkened and shrunken viscera and undigested food in 
the intestinal tract. The muscles arc also darkened and shrunken. Peripheral 
nerves and those controlling the intestinal movements and secretory glands are 
partially paralyzed. Carbohydrate metabolism is affected and basal heat pro- 
duction is low. 
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Fig. 9-3. Some fot-ioluble vitamin deficiency dittoes. Upper left, ricket*. Bird* walk wit 
a wobbly gab and »it down much of the 1>m». Upper light, vitamin A deficiency. Note the 
unthriftinesi and pale, dry »kin about the head and eye*, lower, (7) normal bone* wit 
definite line* of calcification at the joint*; (11) rachitic bone* with poor calcification at the 
joint*. 

Prevention of vitamin Bi deficiency is accomplished by feeding whole or 
ground grains containing the germs, wheat bran, and middlings; green grass 
or alfalfa meal; milk; packing house by-products containing glandular tissue; 
or other feedstuffs containing vitamin Bj. 

Fowls may be cured of polyneuritis by feeding yeast or pure vitamin Bi 
(thiamin) . Vitamin Bi requirements of poultry are given on page 265. 

Curled toe paralysis. This disease is most often encountered among grow- 
ing birds kept in confinement or in batteries and fed rations containing a 
large amount of vegetable protein feeds. It results from a deficiency of ribo- 
flavin (p. 231). 

Symptoms of curled toe paralysis include slow growth, ruffled feathers, 
paleness, moving about on the hock joints, toes curling in, and, in advanced 
stages, lying on the floor with the legs sprawled out. 

Riboflavin deficiency among mature birds is indicated by poor hatch- 
ability with high embryo mortality the first week, and egg whites with little 
or no greenish opalescence. 

Autopsy may reveal flabby and withered leg muscles and sciatic and brachial 
nerve degeneration. 

Control of curled roe paralysis is accomplished by providing the birds with 
a green grass range or by feeding good quality alfalfa meal, milk, whey, or 
other feeds containing riboflavin (Table 1, Appendix). 

The disease may be cured by feeding yeast or riboflavin. The riboflavin 
requirements of poultry are given on page 265. 
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Fig. 9-4. Som# vitamin B— G complex deficiency diseases. Upper left, "notched beak" lesion 
resulting from riboflavin deficiency. (University of Californio.) Upper right, polyneuritis re- 
sulting from vitamin Bi deficiency. (Ohio Extension Bulletin 115.) lower left, chick dermatitis 
resulting from a deficiency of pantothenic odd. (Courtesy L. C. Norris.) lower right, curled 
toe paralysis and poor growth resulting from vitamin G or riboflavin deficiency. 


Chick dermatitis. It is due to lack of pantothenic acid. It may occur 
among chicks deprived of green grass and fed rations containing much vege- 
table protein feeds and little milk, alfalfa, and wheat by-products. 

Symptoms of chick dermatitis include scabs or crustlike lesions around the 
eyes and comers of the mouth and on the feer, granular and constricted 
margins of the eyelids with a sticky exudate, peeling off of the skin on the 
toes, and development of wartlike protuberances on the balls of the feer. 

Autopsy of chicks affected with chick dermatitis may reveal a puslike sub- 
stance in the mouth and a grayish exudate in the glandular stomach, eroded 
lesions in the gizzard, enteritis of the duodenum, portions of the small in- 
testine and ceca distended with gas, and pale-colored liver and kidneys. 

Pretention of chick dermatitis is accomplished by feeding green grass or 
alfalfa meal, packing house by-products rich in glandular tissue, milk, wheat 
bran, molasses, and other feeds containing pantothenic acid. Calcium panto- 
thenate may also be used ( Table 8-1 ) . 

Chick dermatitis may be cured by feeding yeast, liver, germs of grains, or 
pantothenic acid. The requirements of chicks and layers for pantothenic acid 
are given on page 265. 

Nutritional cnccphalomalacia. This is a disease which affccTs chicks be- 
tween two and seven weeks old ( Fig. 9-5 ). It can be produced experimentally 
by feeding chicks rations high in animal fat content. Birds with apparently 
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direct sunshine, feeding fish oils or other sources of vitamin D, and by ir- 
radiation under ultraviola lights. The vitamin D requirements of chickens 
are given on page 265. 

Perosis. This is also known as slipped tendon or hock disease. It is a bone 
disease affecting the hock join a of growing birds. It occurs most frequently 
among chickens which are raised on wire or in confinement and fed rations 
of high mineral content. 

Symptomt of perosis include a slight puliincss of the tissues about the 
hock joint; discoloration due to subcutaneous hemorrhage; or crooked legs. 

Pathology of perosts is indicated by an irregular line of ossification of the 
end of the tibia at the hock joint and the Achilles tendons slipped from the 
condyles. 11 

Pret ention of perosis h accomplished by raising chickens on range or in 
confinement on liner rather than on wire; by avoiding an eveess of phos- 

S^fm'^rratr'"* a, ' 3 ' ,a ' ^ -« bran, or a 

rang^ 3 3 reducing the protein intake and providing 

M “ otarec ' 

Crop-bound trouble may result fm™ f 
followed by giving feed ifore water ch3 J fcedm & P* rtial st “ vat,0fl 
and feeding coirse, dry, fibrous, or decayed feed^ '° m C °° 6nement ,0 ”” S ’ 

Crop-bound condition may be relipved i - ■ . 

loosening the material by massage and emnl- ’T" 18 ln '° th ' OTP ' 
on it with the head of the bird^intinTSS 8 *? “°P ^ S ende P r “Tf 
necessary to open the crop by nuking a n .°*. n . ward - If this fails, it will be 
organ. Pull the skin which covers thcmn . ° n the “PF" P” 1 ° f T 
it; then push it back and cut through the™ “ T side and 0,1 11,10,18 
and sew up the crop membrane with ordhr “ * T g-TT ?' 
m tincture of iodine. Sew up the skin sen,^ whldl haS beCn 

days. P ° separately. Feed soft feed for a few 

Sour crop is indicated by distention of 
may be relieved by injection of soda water ^ 

m a pint of water) into the crop and forth, t ““P 00 " 5 of bak,n S 'T 
while holding the bird by the feet and the h™!.!*' maIer,aI out b P massaging 

Consttpalton may be relieved by giving Et™ ° WI !’ j 

per hundred hens in two gallons of dr, nth “ K at the me ° f one F m,n '? 
dosage consists of one-half teaspoon nf 8 Wat ” ° r ln wet n,ash ' Individual 

of water It may be given with a hollow *2 “IT “ T ,ab,K P? OD5 

uDe with a bulb on the end of it. 
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Poisoning. Cases of poisoning among poultry are 
seldom encountered. The bird’s sense of taste will usu- 
ally protect it if it is well fed and kept away from 
l, unusual, alluring objects. Cases of poisoning are more 
common among birds allowed to run at will than 
V among those kept in confinement, 
r Symptoms of poisoning include sudden appearance 
^ of a large number of birds with dark red combs, ele- 
S s: vated temperature, weakness, wobbly gait, prostra- 
tion, limbemeck, and high mortality. 
if Autopsy findings in case of poisoning may reveal 
a parboiled appearance of the crop, severe inflam- 
1 mation of the intestinal tract, and the presence of 
► poisonous substances in the crop or gizzard. 

Causes of poisoning among fowls include spray 
materials; rat poisons; excessive amounts of medici- 
nal products, such as bichloride of mercury or copper 
hj, sulphate in the drinking water; overdoses of parasite 
remedies, such as nicotine sulphate and kamala; dust- 
ing and fumigating compounds, such as cya- 
nides; decomposed animal tissues; paint skins; 
/ and rose chafers. 

J() Control of poisoning may be accomplished 

by shutting the birds off range, giving a Iaxa- 
(p- 28 8), and changing the ration. 



Fig. 9-A. Top. th* mole head 
loute, lop view, greatly enlarged. 
(U. S. D. A.) BoHom, egg* (nittl 
of the common loute at the bate 
of the feother. 


External Parasites 

Flies, lice, mites, ticks, and fleas are the most 
important of the many species of external 
parasites that infest poultry. They cause dis- 
comfort, skin irritation, loss of plumage, 
stunted growth, and decreased egg production. 
External parasites may also serve as carriers of 
bacterial and virus diseases from one bird to 
another. 

Flies. Flics are as much of a menace to the 


health of poultry as they arc to that of people. 
They cause discomfort to the birds by their biting and blood-sucking habits. 
They arc more harmful as possible carriers of disease germs and parasites, for 
example, the larvae of tapeworms (p. 311). 

Flics reproduce by laying eggs in damp manure, wet litter or straw, vege- 
table wastes, and similar places. The minute creamy white eggs hatch in 1 
to 3 days. As soon as they arc hatched, the larvae begin feeding on bits of 
the moist breeding place material. When harched, the larvae are translucent 
and not easily seen. When full groun, the) - arc pale jellow or nearly white 
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the same disease have been observed under practical farm conditions and fed 
many different home-mixed and commercial feeds. 

Symptoms of nutritional I encephalitis include ataxia, tremors, retraction 
of the head, spasms of the legs, inco-ordination, prostration, stupor, and 
finally death. 

Pathology of nutritional encephalomalacia is indicated by swelling and 
softening of the cerebellum and sometimes other parts of the brain, edema 
of the brain covering, minute hemorrhages on the surfaces of the brain, and 
greenish to brownish coloration and shrinkage of the necrotic areas. 

Apparently the chief causes of the trouble are rancid fats or unsarurated 
fatty acids from fish sources, animal products in general, and perhaps even 
some plant products in the ration. 

Nutritional encephalomalacia can be prevented by reducing the total level 
of unsaturated fatty acids in the ration or making sure that it contains 7 
to 11 I. U. of vitamin E (alpha tocopheryl acetate) per pound. The addition 
of an ant.ox.dant (p. 234), will also protect against the trouble. 

Vitamin K deficiency disease. Vitamin K deficiency results in a blood 
disease characterized by hemorrhages and slow clotting time of the blood. It 

birdT Erow ‘" s ks deprived of Mtmal fecds and “ a y ako affect mature 

heSiTV' ™ a ” in K CnCy include P alMess 01 anemia, excessive 
hemorrhage from minor wounds, cannibalism, and feather picking. 

neath ihe*! TT ^ <Mcicnc >' indicaIcd b P *-»*U hemorrhages be- 
bloodi^ ™ ,h ' bod ?- ^ hemoglobin content of .he 

blood is low and the clotting time of the blood is delayed 

w-nhZ ZTl ° f vltandn ^ deficiency is accomplished by providing birds 
ione <p. 232 )“n Ihemtton. 7 8 fish meal ' or n,enad ' 

chSeTfcio w ee^' This J is , a rdat "ely new disease occurring among 

Rickets. This is a vifJtile, j c K . min (menadione) per ton of feed, 
etal assimilation. It affects birds of'au” 9, Wh ‘ Ch inh ‘ b ' tS n0rmal 

less vitamin D is suppliSlsl e /orm. aEK “* kep ' ” 

joims/a tenden4'm et sq™°down tOWI °h include * " obbl >' S ait - SMe 
grow*, cooked bones, emaciation, and”!* ' ^ ^ 

shells, poor hatchabilh^'crmked br^tb 511 ^ *T £SS P Ioduction . *in egg- 

Pathcbgy of rickets is7„*e!ia r s,b ? nes ’ and "™P°“ry paralysis. 

wide zone of uncalcified tissue at the md °‘ Iow Mh conteD ' ; 

issue at the ends of the tibia (Fig. 9-3); calluses 



fig. 9-5. Mhcetloneou* nutritional trouble*. Upper left, pereih. oho known o. "*Rpp*<f ten- 
don" end hock diieoie. Upper right, beok necroti*. Feed ttieking In the beok ho* ««»♦<* 
the deformed beok. tower left, "eroty chick" diteote. Nutritional encepholomotoeio »how» 
limitar symptom*. tower right, ginord eroiiont top, normal gtrxord lining; bottom, eroded 
lining. (Courfeiy W. B. Ettelen, Mo*»ochui#tfi State College.) 


at the junctures of the sterna! and vertebral portions of the ribs, and enlarged 
thyroids. . ... ... 

Pretention or cure of rickets is accomplished by providing chickens with 
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direct sunshine, feeding fish oils or other sources of vitamin D, and by ir- 
radiation under ultraviolet lights. The vitamin D requirements of chickens 
are given on page 265- , 

Perosis. This is also known as slipped tendon or hock disease. It is a bone 
disease affecting the hock joints of growing birds. It occurs most frequently 
among chickens which are raised on wire or in confinement and fed rations 
of high mineral content. 

Symptoms of perosis include a slight puffiness of the tissues about the 
hock joint; discoloration due to subcutaneous hemorrhage; or crooked legs. 

Pathology of perosis is indicated by an irregular line of ossification of the 
end of the tibia at the hock joint and the Achilles tendons slipped from the 
condyles. 

Prevention of perosis is accomplished by raising chickens on range or m 
confinement on litter rather than on wire; by avoiding an excess of phos- 
phorus in the ration; and by feeding alfalfa, oats, middlings, rice bran, or a 
trace of manganese in the ration. 

Chickens in the early stages of perosis may return to normal if the system 
of feeding and management is corrected. 

The mineral requirements of growing chickens are given on page 265. 
Gout. Gout is a disease that generally affects mature birds, fed a high 
protein ration and given little exercise. The disease is characterized by 
swollen joints, chalk-like covering of the viscera and swollen pale kidneys. 
The trouble may be corrected by reducing the protein intake and providing 
range. 

Indigestion. This is the lack or failure of digestion. Mechanical obstruc- 
tion to the passage of food may be a cause of indigestion. 

Crop-bound trouble may result from irregular feeding, partial starvation 
followed by giving feed before water, change from confinement to range, 
and feeding coarse, dry, fibrous, or decayed feed. 

Crop-bound condition may be relieved by injecting water into the crop, 
loosening the material by massage, and emptying the crop by gen tic pressure 
on it with the head of the bird pointing downward. If this fails, it will be 
necessary to open the crop by making an incision on the upper part of the 
organ. Pull the skin which covers the crop wall to one side and cut through 
it; then push it back and cut through the crop wall. Remove the contents 
and sew up the crop membrane with ordinary thread which has been dipped 
in tincture of iodine. Sew up the skin separately. Feed soft feed for a few 
days. 

Sour crop is indicated by distention of the crop with gases. The condition 
may be relieved by injection of soda water (two teaspoons of baking soda 
in a pint of water ) into the crop and forcing the material out by massaging 

while holding the bird by the feet and the head down. 

Constipation may be relieved by giving Epsom salts at the rate of one pound 
per hundred hens in two gallons of drinking water or in wet mash. Individual 
dosage consists of one-half teaspoon of Epsom salts in one to two tablespoons 
of water. It may be given with a hollow tube with a bulb on the end of it. 
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at night when on the roost and suck its blood. After feeding, the mites appear 
red. They crawl back to their hiding places and lay eggs. A female lap about 
four eggs in twenty-four hours and feeds again before laying another four 
eggs. The cycfe may be repeated 1 eight or more times. The eggs hatch in about 
two dap during warm weather. The young mites reach maturity in about 
a week (Fig. 9-7). 

One should keep a close watch for mites in the summertime and at all 
times of the year in heated houses. The birds attacked by mites appear un- 
thrifty and pale as a result of the loss of blood. Pens badly infested with 
mites have a characteristic odor. New houses and equipment are just as likely 
to become infested as old ones. Patches or colonies of the mites may be seen 
by lifting up the perches and looking underneath them or by loosening caked 
manure or Jitter about the perches or nests. These appear as gray or reddish 
masses of the small insects. 

Control of the red mite may be accomplished by providing dry, well* 
vcmilated, and well-lighted houses and keeping them free of wild birds. 
In case mite infestation is found, the roosts, adjacent walls, dropping boards, 
feed roosts, outside surfaces of nests, and other harborages should be sprayed 
or painted (Table 9-7). The mites arc dcstrojed in 3 or 4 dap by coming 
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and about (our-fifths inch long. The larvae (maggot) period about U 
days under favorable damp, warm, dark conditions. The -krvM jg h ? 
contracted, thickened pupal state wh,ch requires l 
Under favorable conditions (lies develop from eggs to adults in abo 3 * 

In cold climate, flies generally survive the winter in the larval or pupal 


Fly control may be accomplished by destroying the damp breeding places 
or by keeping them screened. Dry or wet baits, and wal ‘ ond dfopp l "E s P > 
may be used (Table 9-7). Comme.cial mixtures of fly killers ue on the 
market. They should be used according to the directions of the 

Lice. Over two thousand species of bird lice have been described, and or 
these, forty or fifty may be found on poultry. An individual may harbor sev- 
eral species. They are generally referred to as body lice, head lice, shaft 


wine lice, etc. . 

Characteristics of lice show them to be small, flattened insects seld 
more than one-eighth inch in length, and yellowish or gray in color (hig. 
9-6) . They live on birds on the skin and at the base of the feathers, and s P en 
their entire life cycle there. Lice have biting and cutting mouth parts and 
feed upon scales of the skin or bits of feathers. The biting of lice, together 
with their sharp claws and spiny structure, causes considerable discomfort to 
birds on which they live. Lice seldom leave an individual except by accident 
or to migrate to another individual of the same species. They cannot live 
more than a week or so away from the body of the fowl. Lice lay eggs at the 
base of feathers. Body warmth hatches them, and they mature in 10-20 days 


after hatching. . 

The body louse is probably the most common parasite of poultry. It IS 
most easily located in the region below the vent. In cases of bad infestation, 
the body louse may also be found on the back, breast, and under the wings. 
Body lice cause skin irritation and may produce scabs and blood clots. They 
infest chickens, turkeys, and other species of poultry. 

The head louse is found on the head and neck of chickens and turkeys. 
It is dark gray in color and about one-tenth inch long. It may cause serious 
damage among young chicks and poults 

The shaft louse is found along the shaft of the feathers and seldom on 
the skin. It feeds on the barbs of the feathers and the scales along the 


shafts. 

Turkeys, ducks, geese, pigeons, other fowls, and wild birds are infested 
with several other species of lice 

Control of lice may be accomplished by dusts, sprays, or perch paints 
(Table 9-7), if used according to the directions of the manufacturers. Since 
the insecticides generally used do not kill the lice eggs, it is often advisable 
to repeat the treatment in 1 to 2 weeks, to kill the young lice that have 
hatched 

The roost mice. The roost mite is a very small gray insect which lives in 
cracks and crevices about the porches, under boards, and in fecal material and 
litter near the perches and nests. Great numbers of mites attack a single bird 
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in contact with the insecticide. A thick crust of manure on the roosting areas 
will reduce the effectiveness of the treatment. 

The Northern fowl mite (feather mite). This external parasite looks 
like the red roost mite but its life history is different. It spends its life cycle 
of 8 to 12 days on birds but may be found in nests. The feather mites move 
quickly. They congregate at the base of the plumage near the venr, often re- 
sulting in a soiled appearance of the feathers. The blood sucking habits of 
the mites may irritate the skin severely. Heavy infestations may develop in 
a short time. 

Control of the northern fowl mire is difficult. A malathion dusr may be 
used in the nests and on the roosts and adjacent areas (Table 9-7). The birds 
may be dusted or sprayed with malathion as for lice. The treatment may need 
to be repeated at 10 to 14 day intervals until the mites have been eradicated. 

An ointment, consisting of one pan of pulverized napthalene flakes and 
two parts of vaseline, rubbed into the skin and around the vent and tail will 
rid birds of feather mites. 

The depluming mite (Client id o copies gallitiae). The depluming mite 
is a small itch mite which lives at the base of the feather. The intense irrita- 
tion causes the bird to pull out its own feathers. In severe cases the bird may 
loose nearly all of its feathers except the large ones on the wings and tail. 

Repeated applications of sulphur oimmenr (one parr sulphur in four parts 
of vaseline or lard) will destroy the depluming mite. 

Dipping birds in a tub of water containing two ounces of orchard spray 
sulphur and one ounce of laundry soap to each gallon will destroy the de- 
pluming mite. The treatment should be used during a warm day or in a 
warm house and the birds thoroughly soaked in order that the material will 
reach the base of the feathers and the skin. 

The scaly leg mire. This is a small itch mire which burrows under the 
scales of the shanks. The severe irritation causes an accumulation of grayish, 
dry debris and a loosening of the scales. The shanks appear to be enlarged 
and rough ( Fig. 9-8 ). In severe infestations the bird may become fame and 
the feet deformed. Chickens, turkeys, other species of poultry, and game 
birds may become infested by the scaly leg mite. 

The life cycle is spent on the bird. The mites lay eggs as they burrow their 
channels beneath the scales. The eggs are harched and the young grow to 
maturity beneath the scales of the shanks. 

Birds may be cured of scaly leg mite infestation by soaking and washing off 
the crusts and scales with warm soapy water, drying the shanks, and then 
dipping them in a mixture of one part kerosene and two parts of raw linseed 
oil. 

Chtggers. The small, almost microscopic chiggcrs which annoy man may 
also infest poultry that run on range. They collect in groups, cause extreme 
irritation, and small abscesses are formed where they feed. Chiggcrs may 
cause mortality among growing stock and umhrtftiness among adult stock. 

Chiggcr infestations may be prevented by hatching chicks early and by 
keeping them off ranges where the mites occur. 



Table 9-7 

INSECTICIDES FOR CONTROL OF POULTRY EXTERNAL PARASITES 
AND FLIES * 


Redbugs 


Flea* 


Lice 




DDT 

Malathion 


rVn>r< 


2.5% *P r *>' 


Thoroughly ipray the house. 


2.5% ipray 

4.0% dust 


Lindane 


Nicotine 

sulfate 


Malathion 


.5-1.0% *P r *>' 

pint per 100 ft. 
of roost 

4% dost 


0 5% wall spray 
0.5% bird spray 


Northern 
feather mite 


Poultry 
red mite 


Malathion 


Lindane 

Malathion 

Carbolineum 


I Dry bails 


Thoroughly spray the house. 
Apply to litter 1 lb. per 50 sq. ft. 


Remove birds. Spray all surface*. Re- 
turn birds when dry. 

Paint in thin line on roosts. Apply 
to 1 hour before dark. 

Ventilate welt. 

1 lb. per 40 sq. ft. litter. 1 lb. per 100 
birds with shaker can. Repeat m 
4 weeks. 

Walls, equipment, litter. # 

Spray birds in addition to premises 
at rate of 1 gallon per 100 uncaged 
bird* or 1 quart per 75 caged layers. 


4% dust 


Apply to roosts, nests and litter at 
rate of 1 lb./50 sq. feet. Spray birds 
with Malathion as for lice. 


0.5 to 1.0% spray I Remove birds. Spray all surfaces. Re- 
turn birds when dry. Repeat in 
10-14 days. . 

Same as for lice Same as for lice. Repeat in 10-H 
| days. 

Undiluted I Paint roosts, nests and feeders. Allow 

to dry 3-7 day*. Repeat annually 


Diazinon 1 

Dipterex 

Malathion 

1% 

1-2% 

1-2% 

Liquid bails 
Diazinon 
Dipterex 
Malathion 

0-1% 

01% 

01% 

Wall sfrays 
Diazinon 

0.5 to 1.0% 

Malathion 

Breeding 

1 0 to 2 0% 

. Diazinon 

1.0% spray 

! Malathion 

2.0% spray 


Purchase commercially prepared 
bait. Apply daily for 3 days at the 
rate of 1 oz. per 1000 sq. ft. Do not 
use near food, feed, water or ani- 
mals 

Use in water containing 1 cup of 
sugar or syrup per gallon. Sprinkle 
daily on clean floor or burlap bags, 
at rate of one gallon per 1000 sq. ft- 

Apply to walls or ceilings but not m 
food rooms or on animals. Apply 
rate of 1-2 gallon per 1000 sq- »t. 

Same as for Diazinon. 


Spray manure piles, cones under 
cages and pits every 3 or 4 weeks. 
Same as for Diazinon. 


1 Ohio Agricultural Extension Service. 
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in contact with the insecticide. A thick crust of manure on the roosting areas 
will reduce the effectiveness of the treatment. 

The Northern fowl mite (feather mite). This external parasite looks 
like the red roost mite but its life history is different. It spends its life cycle 
of S to 12 days on birds bur may be found in nests. The feather mites move 
quickly. They congregate at the base of the plumage near the vent, often re* 
suiting in a soiled appearance of the feathers. The blood sucking habits of 
the mites may irritate the skin severely. Heavy infestations may develop in 
a short time. 

Control of the northern fowl mire is difficult. A malathion dust may be 
used in the nests and on the roosts and adjacent areas (Table 9-7). The birds 
may be dusted or sprayed with malathion as for lice. The treatment may need 
to be repeated at 10 to 1 4 day intervals until the mites have been eradicated. 

An ointment, consisting of one part of pulverized napthalene flakes and 
two parts of vaseline, nibbed into the skin and around the vent and tail will 
rid birds of feather mites. 

The depluming mite ( Cnemidocoptes gallinae). The depluming mite 
is a small itch mite which lives at the base of the feather. The incense irrita- 
tion causes the bird to pull out its own feathers. In severe cases the bird may 
loose nearly all of its feathers except the large ones on the wings and tail. 

Repeated applications of sulphur ointment (one part sulphur in four parts 
of vaseline or lard ) will destroy the depluming mite. 

Dipping birds in a tub of warer containing two ounces of orchard spray 
sulphur and one ounce of laundry soap to each gallon will destroy the de- 
pluming mite. The treatment should be used during a warm day or in a 
warm house and the birds thoroughly soaked in order that the material will 
reach the base of the feathers and the skin. 

The scaly leg mite. This is a small itch mite which burrows under the 
scales of the shanks. The severe irritation causes an accumulation of grayish, 
dry debris and a loosening of the scales. The shanks appear to be enlarged 
and rough (Fig. 9-8). In severe infestations the bird may become lame and 
the feet deformed. Chickens, turkeys, other species of poultry, and game 
birds may become infested by the scaly leg mite. 

The life cycle is spent on the bird. The mites lay eggs as they burrow their 
channels beneath the scales. The eggs are hatched and the young grow to 
maturity beneath the scales of the shanks. 

Birds may be cured of scaly leg mite infestation by soaking and washing off 
the crusts and scales with warm soapy water, drying the shanks, and then 
dipping them in a mixture of one parr kerosene and two parrs of raw hnsccd 
oil. 

Chiggcrs. The small, almost microscopic chiggers which annoy man may 
also infest poultry that run on range. They collect in groups, cause extreme 
irritation, and small abscesses arc formed where they feed. Chiggcrs may 
cause mortality among growing stock and unthriftiness among adult stock. 

Chiggcr infestations may be prevented bv hatching chicks early and by 
keeping them off ranges where the mites occur. 
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Dogs, cats, and other carriers of fleas should be kept away from the poultry 
houses. In case of infestations, the houses should be cleaned and the houses 
and yards sprayed with DDT (Table 9-7 ) . 

Fowls may be treated with the sulphur ointment ( 1 part sulphur in 4 parts 
lard or vaseline). 


Internal Parasites 

Internal parasites of poultry include the round and flat worms. There are 
no symptoms specific enough for diagnosis. Birds should be autopsied and 
the worms found. Most species of worms are large enough to be seen with 
the naked eye. 

Worms cause stunted growth, emaciation, weakness, and death among 
growing stock, and poor vigor and low egg production among mature birds. 
The exrenr of the injur)' will depend upon the age when infested and the 
severity of the infestation. Worms cause obstruction to the passage of food; 
injure body tissues, thereby making birds more susceptible to bacterial and 
virus infections; produce toxins; and use the bird's food for their own growth 
and reproduction. 

Worms reproduce by eggs which are passed out with the droppings. They 
must undergo incubation outside the body or in an intermediate host before 
they are infective. Birds become infested by eating material from contaminated 
sod or litter and by eating intermediate hosts such as insects and worms. 

Large roundworms ( Ascaridia lineata ). Large roundworms may be 
found in birds of all ages, but cause most serious damage among birds under 
three months of age. 

Symptoms of large roundworm infestation are unthriftiness, drooping or 
sagging of the wings, paleness of the head, and emaciation among young 
stock. Lowered egg production and emaciation are symptoms among mature 
birds. 

Autopsy of birds infested with large roundworms reveals grayish-white 
slender roundworms one and one-half to four inches in length in the small 
intestine. They may be so numerous as to completely plug the intestine ( Fig. 
9-9). They may penetrate the intestinal wall during growth, thereby causing 
injur)' and loss of blood, and permitting bacteria! infestion. 

Occasionally a roundworm may wander up the oviduct from the cloaca 
and become enclosed in an egg. 

Life history of the large roundworm is illustrated in Figure 9-10. The 
worms lay microscopic eggs in the intestinal tract which are passed to the out- 
side with the droppings of the bird. Under favorable conditions of warmth 
and moisture they incubate and become infectious in from ten to sixteen days. 
The embryonated worm is liberated from the shell when the egg is eaten along 
with other material picked up from contaminated soil or litter. The }*oung 
worms may burrow into the wall of the intestine for a period after hatching 
and cause considerable damage to the lining. They then return to the in- 
testine and grow to maturity in about two months from date of hatching. 




1 


Fig. 9-8. leg* of a thicken a* ihey commonly appear with teoly leg. 

Frequent light dusting with flowers of sulphur will keep the chigger mite 
infestation under control. In case of severe infestation, the application of 
sulphur ointment as used for the depluming mite (p. 303) is effective. 

The fowl tick ( Argos persicus). The fowl tick generally infests chickens 
but may also infest other species of poultry. It is a blood-sucking insect about 
one-fourth inch in length. The life history of ticks is much like that of the 
roost mite in that they hide and lay eggs in cracks or secluded spots and at- 
tack the birds and suck blood. Ticks may live for many months without food. 

A wood preservative containing anthracene oil or an oil spray applied to 
the perches as in the treatment for the roost mite (p. 301 ) is effective against 
tick infestation. 

Fleas ( Ecbidnophaga gallinacea). The chicken flea, or sticktight flea, is 
a common parasite of poultry in the southern states. The fleas attach them- 
selves to the comb, face, earlobes, and wattles and remain there for several 
days. They lay eggs while attached to the birds. The eggs incubate in the litter 
or on the ground in about a week. The young fleas feed upon the droppings. 
They go through a series of developmental stages and then attack birds. The 
entire life cycle requires thirty to sixty days. 

Flea infestation is rather hard to prevent because the fleas are carried by 
dogs, cats, rats, and wild birds. Dust on the floor and the soil under the poultry 
house are ideal places for flea development. 



POULTRY DISEASES 


305 


Dogs, cats, and other carriers of fleas should be kept away from the poultry 
houses. In case of infestations, the houses should be cleaned and the houses 
and yards sprayed with DDT (Table 9-7 ) . 

Fowls may be treated with the sulphur ointment ( I part sulphur in 4 parts 
lard or vaseline) . 


Internal Parasites 

Internal parasites of poultry include the round and Rat worms. There are 
no symptoms specific enough for diagnosis. Birds should be autopsied and 
the worms found. Most species of worms are large enough to be seen with 
the naked eye. 

Worms cause stunted growth, emaciation, weakness, and death among 
growing stock, and poor vigor and low egg production among mature birds. 
The extent of the injury will depend upon the age when infested and the 
severity of the infestation. Worms cause obstruction to the passage of food; 
injure body tissues, thereby making birds more susceptible to bacterial and 
virus infections; produce toxins; and use the bird’s food for their own growth 
and reproduction. 

Worms reproduce by eggs which are passed out with the droppings. They 
muse undergo incubation outside the body or in an intermediate host before 
they are infective. Birds become infested by eating material from contaminated 
soil or litter and by eating intermediate hosts such as insects and worms. 

Large roundworms ( Ascaridia lineata ). Large roundworms may be 
found in birds of all ages, but cause most serious damage among birds under 
three months of age. 

Symptoms of large roundworm infestation are unthriftiness, drooping or 
sagging of the wings, paleness of the head, and emaciation among young 
stock. Lowered egg production and emaciation are symptoms among mature 
birds. 

Autopsy of birds infested with large roundworms reveals grayish-white 
slender roundworms one and one-half to four inches in length m the small 
intestine. They may be so numerous as to completely plug the intestine ( Fig. 
9-9). They may penetrate the intestinal wall during growth, thereby causing 
injury and loss of blood, and permitting bacterial infestion. 

Occasionally a roundworm may wander up the oviduct from the cloaca 
and become enclosed in an egg. 

Life history of the large roundworm is illustrated in Figure 9-10. The 
worms lay microscopic eggs in the intestinal tract which are passed to the out- 
side with the droppings of the bird. Under favor able conditions of warmth 
and moisture they incubate and become infectious in from ten to sixteen days. 
The embryonated worm is liberated from the shell when the egg is eaten along 
with other material picked up from contaminated soil or litter. The young 
worms may burrow into the wall of the intestine for a period after hatching 
and cause considerable damage to the lining. The)’ then return to the in- 
testine and grow to maturity in about two months from date of hatching. 




fig. 9-9. Roundworms from iho imoll intestine* of a chicken ond a portion of intestine filled 
with roundworms. 


Pretention of large roundworm infestation is accomplished by the use 
of clean range, elimination of wet, shady places in the chicken yard; isola- 
tion of young birds from old ones; a\oidance of wet litter in the brooder 
house; and the use of a starting and growing ration of good protein and 
vitamin content. 

‘ Treatments may be used for roundworm infestation, but the)' will be only 
temporarily effective unless the source of infestation is eliminated. Some of 
the treatments are as follows: 

No. 1. Give each bird a No. 2 capsule containing .35 gram of a mixture of 
66 cubic centimeters of a 40-per cent nicotine sulphate and 16 grams of 
Lloyd's alkaloidal reagent (a selected fuller's earth) . 

No. 2. Give each mature bird one cubic centimeter of tetrachlorethyleo 6 
or carbon tetrachloride in a gelatin capsule or with a pipette. Reduce size of 
dosage for smaller birds. Care must be taken that the drug does not get into 
the lungs. 
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Fig. 9-10. Ilf* cycle of the lorge roundworm and cecum worm of poultry. Note the incuba- 
tion ifage in toil, 


No. 3. Individual dosage of 0.25 to 0.5 gram of piperazine hexahydratc or 
citrate in a capsule, or 0.4 per cent in the mash feed for a single day’s feeding 
may be used. It may be repeated at monthly intervals if necessary. 

No. 4. A preventive flock treatment is the addition to the mash of 2 per 
cent by weight of tobacco dust containing at least 1.5 per cent of nicotine, 
and feeding this mixture to the flock for a period of three or four weeks. 
Treatment may be repeated at three-week intervals as often as necessary. 

Individual treatments arc more effective than flock treatments In the latter 
method, the birds that need the treatments the worst have a poor appetite 
and do not cat enough of the material for ir to be effective. 

For a few da)s following the administration of vermifuges, the birds 
should be confined so that the worms and eggs expelled may be removed with 
the litter and burned. 
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Gapeworms (Syngamm trachea). Gapeworms cause "gapes" or a gasping 

for breath among chicks during the brooding period. , 

Symptoms of gapeworm infestation are dullness, ruffled feathers, loss or 
appetite, stretching of the neck with a yawnlike opening of the beak, con- 
vulsive shaking of the head, sneezing cough, expulsion of frothy saliva from 
the beak, and high mortality. 

Autopsy examination of the trachea of birds infested with gapeworms re- 
veals inflammation of the lining, an accumulation of mucus, and the presence 
of small, slender, reddish roundworms one-fourth to one and one-half inches 
in length, dinging to the inner lining. 

The life cycle of gapeworms is direct. The microscopic eggs are coughed 
up, swallowed, and expelled with the feces. They undergo incubation and may 
hatch outside the body. Either the embryonated eggs or the worms cause 
infestation when contaminated soil, litter, feed, or water is consumed. The 
young worms reach the lungs within a week and in another week or so will 
have matured and become imbedded in the trachea. 

Earthworms play an important part in the spread of gapeworms. The eggs 
may be eaten by earthworms and these in turn by fowls. Turkeys and guinea 
fowls may carry gapeworms throughout their whole life and thus may serve 
as a source of infestation for chicks and young turkeys. 

Control measures indude dean range, isolation of young stock from old 
birds, and keeping birds shut up until the dew has dried off and the earth- 
worms have crawled back into the soil. 

Treatment consists of inhaling barium antimonyl tartrate dust for 15 to 
20 minutes. Place the birds in a closed box. Pump in about one ounce of the 
dust to each 8 cubic feet of box space with a dust gun. Then tilt the box back 
and forth so that the birds will keep the dust stirred up by .wing movement 
and will breathe more vigorously. 

Cecal worms (Heterakis gallinae). The common cecal worm of poultry 
occurs in the ceca of chickens, turkeys, ducks, and geese. It is a small, white, 
roundworm three-tenths to one-half inch long and may occur in very large 
numbers, causing a serious inflammation of the ceca, especially in young 
chicks. This parasite may also carry the protozoan which causes blackhead 
in turkeys. 

The life cycle is very similar to that of the large roundworms. The eggs 
voided in the droppings become embryonated in seven to twelve days. When 
taken into the body, they hatch in the small intestine and become encysted 
in the walls of the cloaca. After a short time they return to the lumen of the 
ceca and develop into adults. The entire life cycle requires eight or nine 
weeks. 

e R8 s have a thick shell and may remain infectious after a year or more 
in the soil. Earthworms ingest cecal worm eggs, and birds may become in- 
fested by eating these worms or by ingesting food contaminated with their 
excreta. 

Pretention measures against cecal worm infestation include general sani- 
tary measures, rotation of yards, and isolation of young chicks from old birds. 
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T reatment for cecal worm infestation is the use of a mash containing .5 
per cent phenothiazine. The mixture is moistened with water to make a 
crumble mash and fed after the regular feed is withheld for two or three 
hours. The use of this mash for a six- to eight-hour period will remove nearly 
all of the cecal worms. 

Small roundworms ( Capillaria amulata). As with the large round- 
worms, small roundworm infestations may be found in chickens, turkeys, 
and gamebirds of all ages. 

Symptoms of small roundworm infestation include droopiness, anemia, 
muscular weakness, loss of appetite, foul breath, emaciation, twisting of the 
neck, and paralysis of the legs. 

Autopsy of birds infested with small roundworms reveals the presence of 
delicate, slender, colorless, hairlike worms one-half to one inch in length in 
the gullet, crop, small intestine, or ceca. The worms are hard to see with the 
naked eye unless the sections of the imesrinal tract are suspended in clear 
water. Crop infestation results in milky fluid crop contents with a foul odor, 
inflammation and thickening of the crop wall, and the formation of a necrotic 
false membrane. Intestinal species may be found in the lumen of the intestine 
or threaded in the surface of the mucous membrane. 

Life history of small roundworms varies with the species. It may be direct 
as in the case of the large round and ceca worms or it may require earthworms 
as intermediate hosts. 

Prevention of small roundworm infestation should include the same sani- 
tary measures used for large roundworm control. 

Treatment for small roundworm infestation is only partially effective. Car- 
bon tetrachloride, given in one cubic centimeter doses, as for roundworms, 
and repeated in seven days is partially effective. 

Gizzard worms ( Cbeiiospirura bamulosa). Gizzard worms infesr chick- 
ens, turkeys, water fowls, and game birds. 

Symptoms of gizzard worm infestation include dullness, loss of appetite, 
emaciation, weakness, and death. 

Autopsy of birds infested with gizzard worms reveals the presence of 
slender, reddish, roundworms one-half to three-fourths inch in length in the 
musculature of the gizzard near the entrance of the provemriculus. Nodules 
may be present on the surface of the gizzard in this region. 

The life cycle of the gizzard worm requires the grasshopper as an inter- 
mediate host. The eggs, passed out with the droppings, are eaten by grass- 
hoppers. The larvae hatched from the eggs undergo development in the 
muscles of the grasshopper and become infective in a few weeks. If the grass- 
hopper is eaten by a susceptible bird, the larvae arc set free and grow m the 
gizzard of the fowl and reach maturity in two or three months. 

Pretention of gimrd worm infestation includes frequent removal of the 
litter and droppings and confinement of birds to runs with short, thick vegeta- 
tion rather than free range having tall, dr)* vegetation. 

Treatment for gizzard worm infestation is only partially effective. The 
carbon tetrachloride treatment used for small roundworms may be used. 
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Eye worms (Oxyspm/ra mansont). Eye worms may infest chickens, 
turkeys, and wild birds. They are most common in the southern states. 

Symptoms of eye worm infestation include constant winking of the eye, 
frequent rubbing of the head on the feathers of the wing, the scratching of 
the eye with the foot, puffy and inflamed eyes, and a discharge from the eyes 
and nose pasted over the feathers. 

Autopsy of birds infested with eye worms reveals small, white, threadlike 
worms approximately one-half inch long beneath the nictitating membrane 
of the eye. Firm pressure applied to the tear sac at the inner corner of the eye 
will cause the worms to wiggle out over the eyeball, where they may be seen. 

The life history of the eye worm requires an intermediate host. The cock- 
roach is one of the hosts. It eats the eggs and the larvae develop in its body. 
When fowls eat infested cockroaches, the worms arc liberated in the crop. 
The worms crawl up the gullet to the mouth and then through the tear 
ducts to the eye. 

Prevention of eye worm infestation consists of eradication of hiding places 
for cockroaches such as boxes, boards, and other unnecessary equipment. 
Frequent removal of litter and droppings will also help remove the sources of 
the worm eggs for the roaches. 

Treatment for eye worm infestation consists of dropping two or three 
drops of a 5 per cent solution of butyn into the eye as an anesthetic; lifting 
the nictitating membrane and putting a drop or two of 5 per cent creolin di- 
rectly on the worms; and, immediately after applying the creolin, washing the 
eye thoroughly with warm water. 

Glandular stomach worms (' Tropisurus amerseanus). The glandular 
stomach worm affects chicks during the growing period. 

Symptoms of glandular stomach worms include poor appetite, weakness, 
anemia, emaciation, diarrhea, and death. 

Autopsy of birds infested with glandular stomach worms reveals a swell- 
ing of the proventriculus, inflammation, hemorrhage, and destruction of the 
glands. 

The life history of glandular stomach worms requires grasshoppers and 
cockroaches as intermediate hosts. Eggs picked up by these insects hatch 
within their bodies and the larvae develop in their muscles. When fowls eat 
the infested insects, the larvae are liberated and enter the glands of the 
proventriculus. 

Prevention of glandular worm infestation consists of frequent removal of 
droppings and litter and keeping fowls away from cockroaches and grass- 
hoppers. 

There is no effective treatment for glandular worm infestation. 

Tapeworms (Cestoda). Tapeworms infest chickens, turkeys, and other 
species of poultry and wild birds. Infestations appear to be most noticeable 
in the fall or early winter. Tapeworm infestation is more detrimental among 
young than old birds. 

Symptoms of tapeworm infestation include droopiness, ruffled feathers, 
diarrhea, weakness, paleness of comb, twisting of the neck in unnatural posi- 
tions, and lameness or paralysis in one or both legs. 
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Autopsy of birds infested with tapeworms reveals the presence of flat, 
white, segmented, ribbon-like worms fastened to the wall of the small intes- 
tine (Fig, 9-11 ) . They may vary from microscopic dimensions in some species 
to ten inches in length in others. Numerous protuberances or nodules may 
be observed on the outer surface of the small intestine opposite the joints of 
attachment of species of small tapeworms to the inner lining. The nodules 
may consist of pus or greenish-yellow necrotic material. Intestinal catarrh is 
common. 

The life history of tapeworms requires intermediate hosts such as flies, 
earthworms, beetles, grasshoppers, and ants (Fig. 9-12). The worms attach 
themselves to the intestinal wall by means of heads (scolexes) provided 
with hooks or suckers, or both. Segments containing eggs grow from the head 
or neck part of the worm. The segments break off and pass out with the drop- 
pings. The intermediate hosts eat the eggs, hatch them, and develop the young 
worms into a bladder worm stage. When the flies, earthworms, grasshoppers, 
or other carriers of tapeworm larvae are eaten by fowls, all except the heads of 
the bladder worms are digested. The heads attach themselves to the mucous 
membrane of the small intestine where they develop segments and start an- 
other generation. 

Prevention of tapeworm infestation consists of using clean range or keep- 
ing birds in confinement, raising young birds separate from old birds and 
quite a distance from them, avoiding manure piles or keeping them screened 
away from flies, using well-drained and aerated range, and raising birds in 
screened-in brooder houses. 

Treatment l or tapeworm infestation is not satis factor}'. Some treatments 
"shear” off most of the segments but leave the tapeworm heads attached. New 
chains of segments form and begin to pass out with the droppings in two or 
three weeks. Kamala and some other treatments that have been recommended 
in the past not only are ineffective against tapeworm removal but are harm- 
ful to the birds. 

DBT (di-n-butyl tin dilaurate) and some ocher tin salts fed at a level 
of 0.5 per cent for one day are of value in eliminating tape worms. 

Flukes (trematodcs). Fluke worms are not common parasites of poultry 
at the present time. In recent years they have been found in the skin, pro- 
ventriculus, cloaca, and oviduct of chickens in some of the North Centra! 
states. Birds having access to swamps may become infested. 

Symptoms of fluke worm infestation of the cloaca and oviduct are dullness, 
loss of weight, paleness, and decreased egg production. 

The skin fluke impairs the health of the fowl and produces cysts in the 
skin in the abdominal region and around the vent. The cysts arc smooth and 
shiny, grayish-white in color, and vary from two to ten millimeters in diam- 
eter. Most of them show a small black pore through which eggs pass. 

Autopsy of fowls infested with fluke worms may show peritonitis and 
collapsed ovules containing grayish-yellow material mixed with fibrin and 
pus. The provcntriculus may be enlarged and inflamed. 

Close examination of the affected tissues reveals the presence of small, 
flat, umcgtnentcd, Icaflikc, reddish worms one-sixth to one-fourth inch long. 
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Since fluke worms infest the oviduct and cloaca, they may be found occa- 
sionally in eggs. 

The life history of the oviduct fluke involves snails and dragonflies, it nas 
been found in crows and English sparrows and may be spread by them. 

Control of fluke worm infestation may be accomplished by keeping chick- 
ens fenced away from ponds, swamps, and other wet places, and thus pre- 
venting them from eating dragonflies. 

English sparrows should also be kept away. 

Protozoan Diseases 

Protozoa ate microscopic, single-celled animals. Many species occur in 
nature but only a few of them are pathogenic. The two most common proto- 
zoal diseases of poultry are coccidiosis and blackhead. 

Coccidiosis of chickens ( Eimeria avium), Coccidiosis is a disease of the 
small intestine and ceca of chickens and other birds. It is most injurious 
among chickens six to ten weeks old, but may affect older or younger birds. 

Symptoms of coccidiosis among growing stock include droopiness, ruffled 
feathers, eyes closed, diarrhea, droppings streaked with blood, poor appetite, 
emaciation, paleness, and greatest losses six to ten days following the onset of 
symptoms (Fig. 9-13). 

Symptoms of chronic coccidiosis among older birds include paleness, 
loss of appetite, ruffled feathers, droopiness, emaciation, and leg weakness or 
paralysis. 

Autopsy findings among growing chickens infected with coccidiosis in- 
clude swollen, darkened, and firm ceca; inflamed and thickened cecal walls; 
and contents consisting of yellowish, cheesy, blood-stained material. 

Autopsy findings among older birds infected with chronic coccidiosis in- 
clude thickened and inflamed intestinal wall of the small intestine in the 
region of the duodenal loop, grayish white spots showing on the outer in- 
testinal surface, and a sticky mucous exudate covering the inflamed and 
hemorrhagic areas lining this portion of the intestine. 

Microscopic examination of the scrapings from inflamed areas and the 
intestinal contents of birds infected with coccidiosis reveals the presence of 
coccidia in some stage of development. The oocysts appear as round oval 
bodies having a dark center, clear surrounding zone, and a double wall. 

The life cycle of coccidiosis is direct. The oocysts, which are the largest 
and most resistant stage of the organism, are passed our with the droppings 
from an infected fowl. Under favorable environmental conditions of warmth 
and moisture outside the body, the oocysts sporulate in one to three days 
with the formation of sporocysts The sporulated oocysts are infective if 
picked up by a susceptible bird. Development continues after ingestion with 
the formation of small, spindle-shaped bodies (sporozoites). The sporozoites 
are released from the oocyst shell and enter the epithelial cells of the intestine, 
where they develop into forms known as schizonts. The schizonts give rise 
to small sporelike forms called merozoites. The schizont to merozoite to 
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zont qdes ate repeated several times in the intesti- 
wall with resultant hemorrhage and injury of the 
:ous membrane. . . , 

•he merozoites finally develop into male and female 
ns and, after union, ooq-sts are again formed and 
sed out in the droppings. The complete life q-de 
[Crally requires from four to ten days, 
iporulated and nonsporulated ooq'sts are quite re- 
ant to adverse environmental conditions because of 

ir protective shell. , . , 

Prevention of coccidiosis losses may be accomplished 
immunizing the chicks at an early age. This may be 
ne by: (1) starting the chicks on used or compost 
et where coccidia ate present; (2) vaccinating the 
icks at three days of age by adding an inoculum of 
ccidia to the feed according to the manufacturers 
structions; and (5) feeding a cocc.d.ostat cont.nu- 
uly at a low level to chicks on clean or coccidiosis- 
, Jam-mated litter. Some of the coccid.ostats and the 
■eventive levels recommended for continuous use in 

« ration are: , , . , fr>rm 

Arzene (Atsenosobenzene) is avaibble in the form 
F a premix for continuous feeding to chickens of all 
ees for resistance against cecal or intestinal coccidiosis. 
he recommended level is one pound of Arzene premix 
0 002 ner cent arsenosobenzene) per ton ot teed. 

Ghcamtde ( 4 , 5 -ImidazoIedicarboxamide) is one of «•«« 

he newer and less toxic drugs used for the prevention lo „. 

,f coccidiosis. It is fed at a 0.006 per cent level. Gylca- O „ olh . d 

nide is available on the market as a 12 per cent premix. lo ,h. .moll lnt..rin. 
t h fed at a level of one pound per ton as a coccidiosis =1 o (o«L 

2 -hydroxy-4 ,6-dimethyl pyrimi- 
preventative of both the cecal and intestinal species of 
P*. a level of 0.0125 per cent of total feed intake. It is sold 

as a 25 per cent premix. One pound is recommended per ton. Rations con- 
ri„uld not be fed to other livestock or to laying hens. It may result 
inreduccd hatchability, color loss of brown eggs, and mottling of yolks. 

„ a mixture of nitrofurazone and furazolidone, is recommended at a 
level of one pound per ton for the prevention of coccidiosis. The actual intake 
^{Tarriveincredients recommended is 0.0055 per cent nitrofurazone and 
0.0003 per cent' furazolidone. In case of an outbreak of coccrdrosts , .* higher 
concentration of nitrofurazone is recommended in the drinking water. 

NTlritfSmatmc Mir may be added to the drinking waier as a treatment 
for either cccal or intestinal outbreaks of coccidiosis where preventives were 
not used or where outbreaks occurred in spite of their use. Ir is added to the 
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Fig. 9-12. Diagram of tfi« vorioui »tag«i In an indirect life hirtory of a topeworm or round- 
worm, parasitic in poultry. 


drinking water for a five day treatment period at a level of 0.3204 grams per 
gallon. Directions of the manufacturer should be followed in the use of this 
product. 

Other coccidiostats, listed according to their trade names include: Nitro- 
sal, Polystat, Sulfamethazine, Sulfa of unioxaline, Unistat and TrithiazoL 
Some of them are effective against more than one species for prevention, 
and at higher levels, for treatment. Coccidiostats require further premixing and 
should be used according to the directions of the manufacturers. 

Treatment for coccidiosis involves the intermittent use of coccidiostats 
at higher levels than used for prevention. Directions of manufacturers 
should be followed closely. Using higher levels and for a longer time than 
recommended or improper mixing may result in stunted growth or mortality 
because of the toxic nature of the products. 

Coccidiosis of turkeys. There are several species of coccidia found in 
turkeys. Three of them may cause losses. Coccidiosis usually affects poults two 
to ten weeks of age, although outbreaks may occur in older flocks. 

Symptoms of coccidiosis include a sudden drop in feed consumption, a 
rapid loss of weight and a nonbloody diarrhea. The droppings are loose to 
watery and contain a slimy mucous. 

Autopsy reveals a red, inflamed, swollen intestine filled with a greenish- 
w'hite mucus. 
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Fig. 9-13. Top, bod cam of coccldioils. (Courier/ W. A. Ritlingt, Unl*er»ity of Mlnnetoto.) 
Center, enlarged coco from a fowl infected with coccidioiii. (Courier/ C. E. lampman, Uni> 
eertlty of Idaho.) bottom, tho tif* cycle of coctidiorit. (Cotifomia Agricultural Experiment 
Station.) 

Prevention includes the rearing of poults on clean dr)* litter or range and 
separate from possible carrier stock. Sulfaquinoxaline may be fed at a level 
of 0.01 75 per cent until the birds are about ten w eeks old. 

Treatment may be accomplished by feeding sulfaquinoxaline at a higher 
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Fig. 9-14. The liver of a turkey which died of blackhead. 

level (0.05 per cent) and intermittently (feed for two days, skip three 
days, feed again for two days and then place back on regular feed). 

Blackhead ( Histomonas meleagridis). This protozoan disease also 
known as histomoniasis and infectious enterohepatitis, may cause heavy losses 
in turkeys of all ages and also in chickens if resistance has been lowered by 
vaccination or other causes. 

Symptoms include droopiness, sulfur-colored droopings, and a darkened 
head (blackhead) Autopsy reveals inflamed and ulcerated ceca, resembling 
coccidiosis in chickens (Fig. 9—13), round grayish- white lesions producing 
sunken areas ( Fig. 9-14 ) , and peritonitis. 

The birds may become infected by picking up the parasite from infected 
or carrier birds or from contaminated feed, litter, or soil ( Fig. 9—1 5 ) . The 
protozoan may also be carried and harbored in ceca worms or their eggs 
(p 308). Birds picking up this worm or its eggs from contaminated sources 
may become infected. 
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Histostat ( 4-nitrophenylar sonic acid ) is fed at a preventive le 
pounds of a 25 per cent premix per ton of feed, or 1 pound per 16 
of water. 

NF-180 ( Furazolidone ) is fed at a preventive level of 1 to 2 p 
a premix (50 grams per pound) per ton of feed. In case of an outl 
crease the level to 3 pounds per ton for a week. 

Other histomonostats are available. Some of them, like most of t! 
are effective against other protozoan diseases such as coccidiosis and 
tiasis and at higher levels are somewhat effective for treatment in ca; 
breaks. The blackhead preventives and treatment drugs should 
according to the directions of the manufacturer. 

Hexamitiasis is an acute or rapidly developing and fast spreadir 
causing inflammation of the intestine (catarrhal enteritis) in ruj 
several species of semidomesticated birds. Affected birds are listl 
with drooping wings, and produce foamy droppings. Losses may 
20 to 90 per cent among three to five month-old turkeys. 

The skin is dry and the flesh is dehydrated. The liver, and some 
kidneys, are congested. A catarrhal condition of the small intesti 
chief pathological condition. The surface may be coated with a thic 
or a thin watery foam. 

The protozoan parasite may be picked up from carrier birds thrt 
litter, water, or soil contaminated with droppings from carrier bit 
In case of an outbreak, isolate the sick birds, move the others 1 
to clean range, and use an antibiotic (chlortetracycline) in the 
water (1 gram to 5 gallons) or in the feed at a level of 200 gran 
for two or three days and repeat if necessary. Furazolidone (p. I 
also be used in the drinking water or feed to help control losses fi 
mitiasis. Nithiazide may be used as for blackhead (p. 317). 

Trichomoniasis. This is a protozoal disease that has been observ 
growing chickens and turkeys. 

Symptoms of trichomoniasis infection include paleness, droopi 
odor, and subnormal temperature. 

Autopsy examination reveals a chronic ulceration of the crop 
sionally the gullet and proventriculus. Rough, protruding, yellowk 
like projections are firmly imbedded in the mucosa and may parti) 
lumen. 

Control of trichomoniasis infection is accomplished by keeping 
stock on range away from dirty wet places and moldy or decompose 
In case of an outbreak, change the range and give milk to dri 
copper sulphate to the drinking water (one part in two thousand) . 

Spirochetosis. This disease or one similar to it has been observ 
chickens in some of the southern states. It is transmitted by ticks. 

Symptoms of spirochetosis include drowsiness, paleness, loss o: 
ruffled feathers, diarrhea, weakness, prostration, paralysis, and det 
three to fifteen days. 
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Fig. 9-15. Ufa Cyda of Hiilomonol malaogridii, tha poraiite causing blackheod in turkeys. 


To prevent ccca worm infestation, houses or range must be clean, the 
young reared separate from mamre turkeys or chickens, and a histomonosrat 
used in the ration as a preventive. 

Some blackhead preventives include HepziJc (i\ Utbuzide). This drug 
is effective for preventing both blackhead and hcxamitiasis. It may be used 
either in the feed at 0.03 per cent level as a preventive or the soluble powder 
in the drinking water at 0.02 per cenr level for treatment of an outbreak. 
Treatment should be used for seven to ten da) s. 

Enbeptin A ( 2-jccly lamino-S-nitrotbuzole ) is used as preventive for 
blackhead at a level of 2 pounds of a 15 per cent premix per ton of feed. In 
ease of an outbreak, feed at a level of 6.6 pounds for two weeks and then re* 
ducc to the preventiv c lev cL 
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Symptoms of thrush infection include poor appetite, weakness, emaciation, 
and a slimy mucous material in the mouth. 

Autopsy examination of birds affected with thrush reveals the presence of 
grayish-white or yellowish patches on the mucous membrane of the mouth, 
whitish ulcers in the crop, brownish or mucoid deposits in the glandular 
stomach, and ulcers in the gizzard. The lesions may be so small in young 
chicks that they may be overlooked. 

Microscopic examination of the lesions reveals the presence of the yeast- 
like fungus, Monilia albicans or Oidium. 

Control of thrush infection consists of the prevention of healthy birds from 
eating contaminated feed or litter and drinking from contaminated vessels. 

The fungus may be spread by way of the feeders, drinking vessels, litter, 
and possibly by eggshells. The period of incubation is about a month. 

In case of an outbreak, use one part copper sulphate in 2000 parts water as 
the drink for a few days, dispose of sick birds, and clean and disinfect the 
premises. 

Favus. Favus is a rather uncommon fungus disease of the unfeathered part 
of the head, particularly the comb. 

Symptoms of favus infection include yellowish-white scaly lesions on the 
surface of the skin of the head, and, in bad cases, loss of feathers or broken 
ones on the neck and body. 

Control of favus infection is most easily attained by disposal of all infected 
birds. Since the disease may be transmitted to man, one should use care in 
handling affected birds in order to avoid the introduction of the organism into 
cuts or scratches. 

Favus infection may be cured by one or more applications of an ointment 
of formaldehyde and vaseline (one part formalin in twenty parts of vase- 
line). 


Bacterial Diseases 


Bacteria are widely distributed in nature. Most of them are beneficial to 
man and animals. A few are pathogenic. The principal bacterial diseases of 
poultry are pullorum, fowl typhoid, cholera, and tuberculosis. 

Pullorum. Pullorum is a common and widespread disease which may 
affect poultry of all ages. It is the most frequent cause of mortality in the first 
three weeks after hatching Pullorum may also cause economic losses by re- 
duced egg production and hatchability, and mortality of mature birds (Fig- 
9-16). 


Symptoms. One of the chief symptoms of pullorum infection among 
chicks is high mortality in the first three weeks after hatching, with the peak 
about the tenth day. Chicks may die suddenly without apparent symptoms. 
In most cases, however, they huddle under the hover with closed eyes and 
drooping wings. Their droppings may be whitish, foamy, and sticky, or some- 
times brownish in color. The material may stick to the down in the region of 
the vent, resulting in the condition known as "pasting up behind.” Chilling or 
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Fig. 9-16. Pullorum diieoi*. left— upper, chickt infected with putlorum disease in the incuba- 
tor may jhow necrotic tpoti in the fungi. (Coorteiy L P. Doyle, Purdue University.) left- 
lower, appearance of chicli infected with pullorum diieaie. (Courtesy L P. Doyle. Purdue 
University.) Right— upper, graphic illustration of pullorum control (U. S. D. A. Farmeri' Bulle- 
tin 1662.) Right— lower, normal ovary above and an ovary from a bird with pullorum disease 
below. (After Rettger.) 

overheating of chicks causes a diarrhea very similar to that produced by pul- 
lorum. 

Mature birds generally show no outward symptoms, since the disease is 
u'ually localized in the ovaries. Some of the diseased hens lay at a low rate or 
quit laying entirely, while others become thin and weak and show stgns of 
diarrhea. 

Autopiy examination. Pullorum-infccied chicks that die during the first 
four or five days often fail to show any lesions. Those d)jng after this time 
may show firm, whitish spots in the lungs. Hus is often the case when chicks 
become infected in the incubator by inhaling daw n or dust w hich carries the 
germs. The lung lesions may be confused with those caused by brooder 
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pneumonia or mold infection. Abscesses may be found in the wall of the 
gizzard, in the liver, and in the heart muscles. A white stringy material may 
cover the heart. While all of these changes are typical of puilorum in the 
chick, the only sure diagnosis is to find the organism {Salmonella puilorum). 
It is found most often by making bacterial cultures from the heart blood, 
liver, lung lesions, and unabsotbed yolk. 

Hens usually show lesions in the ovaries. Some of the yolks are angular, 
shrunken, hard, and brownish or greenish in color. Puilorum infection in the 
ovary may be confused with ovarian rumors. Definite diagnosis depends on 
isolation of the puilorum organism from the ovary by bacterial culture. The 
bacteria may localize in other parts of the body. Puilorum infection may 
cause discolored testes in males and inflammation of the heart muscles of 
males and females. 

Control. Puilorum disease may be controlled by removing birds which have 
the disease from the breeding flock and selling them for meat. Carriers of 
pullorium disease may be detected by a blood test. There axe two practical 
tests in use. 

The whole blood test involves a drop of blood from the bird and a drop of 
stained puilorum antigen. A drop of antigen is placed on a test plare; a drop 
of blood obtained with a wire loop from a pricked wing vein is added and 
the mixture stirred with the loop. If the bird has the disease, flakes appear in 
the mixture within a minute ( Fig. 9-17) . If the bird does not have the disease, 
no flakes appear in the mixture. 

The standard tube test involves the use of definite amounts of blood serum 
and a puilorum antigen. A few cubic centimeters of blood are collected in a 
vial by puncturing the brachial vein. After the blood has dotted, a defi- 
nite amount of serum (usually .04 or .08 cc) is removed and added to an 
agglutination tube. Two cubic centimeters of puilorum antigen (a suspen- 
sion of dead puilorum bacteria) are added to the agglutination tube, the mix- 
ture shaken, and incubated over night. If the bird has the disease, the bacteria 
are agglutinated and settle to the bottom, leaving a clear liquid in the tube. 
If the bird does not have the disease, the suspension in the tube remains tur- 
bid. 

The whole blood test is gaining in popularity because it involves less labor 
and necessitates only one handling of the birds. 

Sanitation in the incubator is a further means of controlling the spread of 
puilorum disease. Increasing the humidity in the incubator to 90 to 95° F. 
wet bulb reading during the hatch will help to keep dust and down from 
flying in the machine. 

Thorough cleaning of the incubator between hatches will also lessen the 
chances of spreading puilorum by means of dust and down. 

Fumigation of the incubator with formalin between hatches is a good 
means of killing puilorum bacteria and other microorganisms that may be 
present in the machine or on the eggshells. 

The use of sanitary feeders and waterets help reduce the spread of the 
disease. 



Tig. 9-17. The whole blood pullorum test. Upper left, a generol view ol o set-up for tailing. 
(U. 5. 0. A.) Upper right, o table for holding birds. tower left, o failing coblnef containing a 
con of hot water and holder for the antigen bottle; tail plate or poper; stock bottle of anti, 
gen; loop end needle holder; and antigen dropper, tower right, a lection of a teit poper 
ihowing positive (+) and negative reactions. (Courtesy Columbus Voccine Company.} 
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Treatment of an infected group of chicks with a sulfa drug or nitro* 

furazolidone (p. 313) will reduce the mortality. 

Fowl typhoid. This is an infectious septicemic disease of chickens and 
other domestic birds. It is most common among mature birds but may also 
affect young stock. 

Symptoms of birds infected with fowl typhoid arc drowsiness, runted 
feathers (Fig. 9-18), paleness, and yellowish or greenish diarrhea. The course 
of the infection in acute cases is from two to ten days. In chronic eases the 
birds may live for several weeks and show few visible symptoms of the dis- 
ease. 

Autopsy examination of birds infected with fowl typhoid reveals enlarged 
livers, dark in color, and often with a greenish sheen. The liver is usually 
dotted with tiny grayish spots and has a tendency to break easily. The spleen 
and kidneys are usually enlarged. The heart may be pale and have grayish, 
firm nodules of varying size in the heart walL The blocxl is thin, pafe red, and 
does not clot easily. The lining of the intestine is pale or may show a slight 
inflammation. The intestinal contents arc usually slimy and yellowish. 

Definite diagnosis depends on isolation of the causative organism of fowl 
typhoid ( Salmonella gallinarum) by bacteriological culture methods, from 
the tissues of the body. 

Spread of fowl typhoid is by way of the droppings from infected to healthy 
chicks. It may be spread from one bird to another by contaminated soil, litter, 
feed, or water. It may be introduced into the flock by infected fowls, wild 
birds, or on the feet of animals or people. 

Control of fowl typhoid consists in the removal of all infected or suspicious 
birds as soon as symptoms of ill health are noticed; use of clean, sanitary 
feeders and waterers; frequent change of litter and the use of a liberal amount 
of it; and keeping birds away from contaminated yards and range. In other 
words, use every means possible to keep healthy chickens from coming in 
contact with the droppings from infected birds. 

In case of a fowl typhoid epidemic in a community, it is advisable to vac- 
cinate the flock as a preventive measure (Fig. 9-18). One to two cubic centi- 
meters (depending on size of bird) of a fowl- typhoid bacterin may be used. 

’Hie pullorum test used for detecting carriers of pullonun also detects 
carriers of fowl typhoid. This is true because the organisms causing the two 
diseases are much alike and produce cross agglutination. 

Carriers of other Salmonella infections, such as aertrycke and paratyphi, 
may also be detected by the pullorum test, as these infections are somewhat 
similar to pullorum. 

Salmonella gallmarum, are injected beneath the skin. In case of an out- 
break of typhoid disease, feed nitrofuraaolidone (NF-180) at a level of 2 
pounds of premix (50 grams per pound) per ton for two weeks and then a 
pound per ton for an additional two weeks. 

Birds vaccinated against fowl typhoid tnfection should not be tested for 
pullorum infection for at least three weeks after the vaccination. 
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a short time before. In the less acute forms, the first symptom is yellowish 
coloration of the droppings. This is followed by yellowish, brownish, or green- 
ish diarrhea. The comb turns a bluish-red, the body temperature increases, and 
there is loss of appetite and increased thirst. The bird becomes drowsy and 
sleeps a great deal of the time with the head drawn down to the body or 
tucked backward and resting on the feathers about the wing. Respiration is 
difficult and at times an accumulation of mucus in the mouth and air passages 
may cause a rattling noise as the bird breathes. 

The chronic form of fowl cholera infection is indicated by paleness, emaci- 
ation, and a lack of activity. Lameness may be present in prolonged cases as a 
result of joint infection by the germs. In some cases the birds have "colds 
accompanied by gasping and swelling of the head and wattles. When first 
swollen, the wattles are soft and warm; later they become hard and cold. 

Cholera may destroy a large number of birds in the flock in a few days and 
then disappear, or may remain in chronic form for months, only occasionally 
killing a bird. 

Autopsy examination of birds infected with cholera may show sticky mucus 
in the mouth and air passages, reddish discoloration of the skin and breast 
muscles, a congested and darker than normal color of internal organs, iight- 
or dark-colored liver covered with small white foci, swollen spleen, and red 
spots. Birds that have recovered from the disease may be carriers. 

Control of fowl cholera is accomplished by killing and burning any birds 
that have the acute feverish symptoms. Remove the litter frequently. Use 
clean, sanitary feeders and waterers. Avoid the use of contaminated yards or 
range. Keep flies and wild birds away from the premises in so far as possible. 
Infected flocks recover with less mortality if kept in warm, sanitary, and un- 
crowded houses. 

Infected wattles may be removed by surgical amputation. 

Treatment consists of the use of a sulfa drug or furazolidone (NF-180) 
in the feed or drinking water according to directions of the manufacturer. 
Water treatment is preferable because sick birds are more likely to drink 
than eat. 

Sodium sulfamethazine may be used in the drinking water at 0.1 per cent 
level or sulfamethazine powder in the feed at 0.5 per cent level for two 
days and repeated twice at four-day intervals. 

Sodium sulfaquinoxaline may be used in the drinking water at 0.025 per 
cent level or in the feed at 0.05 per cent level, intermittently, as directed for 
sulfamethazine. 

Fowl tuberculosis. Avian tuberculosis is a chronic infectious disease of 
poultry and wild birds. It is most commonly observed in birds more than a 
year old. 

Symptoms of fowl tuberculosis include paleness, weakness, emaciation, loss 
of muscle meat from the breastbone, lameness, diarrhea, complete exhaustion, 
or hemorrhages on the surface of the heart, inflamed duoden um with hemor- 
rhages of the inner lining, congested blood vessels supplying the visceral 
organs, congestion and small hemorrhages in the lungs, and yellow cheesy de- 
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posits in various parts of the body 
(Fig. 9-20). 

In chronic cholera cases there may be 
pus in the lungs and air sacs; soft, 
flabby, and irregular ova; and rupture 
of ova in the body cavity. 

Positive diagnosis depends on finding 
the PasSeureUa avicida bacteria in the 
heart blood or organs of the body. 

Spread of fowl cholera is by way of 
the droppings from infected to healthy 
birds. It may be carried by wild birds 
and insects and on the feec of animals. 
In a few instances the disease may be 
well established in birds that appear to 
be in good condition. 

Autopsy examination reveals charac- 
teristic grayish-white or yellowish tu- 
mors of varying sizes in the liver, 
spleen, and intestines (Fig. 9-20). 
These tubercles when cur open show a 
solid, grayish, or glistening interior. 
Those in advanced stages of develop- 
ment show yellowish, cheesy, or crum- 
bly masses in their interior. 

Positive diagnosis depends on finding 
Mycobacterium tubcrculosus avium in 
the lesions. 



Spread of avian tuberculosis infection r; 8 . 9 - 19 . Hemonhos** and red »pot* 
is by way of contaminated water, feed, Hioy be found on the hearts of chickens 
litter, or soil. Ic may be carried from ,ha ‘ d!# of choUra - mnoU s,G,!on C!r - 
flock to flock by infected fowls, wild lulor 441 

birds, rabbits, rats, mice, and equipment. Swine are susceptible to avian 
tuberculosis and cattle may become infected from swine. 

Control of avian tuberculosis is accomplished most satisfactorily by disposal 
of the entire flock. The birds in good condition may be sold for mcae purposes 
and the thin ones should be killed and burned. 

The old birds may be disposed of in the spring and the building, equip- 
ment, and yard thoroughly cleaned and allowed to remain empty during the 
summer. Young chicks may be raised on dean range and later housed in the 
buildings that have been idle. Ic is a good plan to dispose of all old birds at 
least a month before chicks arc brought on the farm. 

Colds (coryza) and roup. Colds arc common respiratory infections that 
affect poultry and wild birds of ail ages. A chronic cold is also known as 
ocular roup. Colds cause lowered egg production. 

Symptoms of coryza are watery eyes; thin serous discharge and then a 
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Pig_ 9-20. Lewon* of the viicera indicating tuberculosis left, viscera of a normal bird; right, 
the liver, spleen, and mesentery of the small intestine show grayish, granular, tubero)lt> r 


thick, sticky, foul-smelling discharge from the nostrils; sinuses filled with 
mucus which dries to a cheesy form, causing a swelling of the face about the 
eye ( Fig. 9-21 ) ; and yellowish patches in the mouth. 

Autopsy exam ination reveals no additional characteristics. 

Hemophilus gallinarum bacteria may be isolated from cultures taken from 
the respiratory tract. Some colds are caused by a virus. ? 

Control of colds and roup may be accomplished by removing all sick birds 
as soon as symptoms are observed, feeding a good ration containing an abun* 
dance of vitamin A, eradication of external and internal parasites, prevention 
of drafts and sudden changes in temperature in the house, keeping the house 
clean and dry, and preventing overcrowding. The use of cold and roup ba c ' 
terins are of doubtful value. 

In case of an outbreak of colds or roup, use 0.1 per cent sodium sulfa- 
methazine in the dr ink i n g water for three or four days. Set up a brooder 
stov e in the house to keep the birds warm, the house dry, and to secure venti- 
lation without drafts. The birds may be sprayed at night with one of the 
sprajs recommended for colds or bronchitis. These sprays will not cure the 
trouble, but may relieve discomfort by drying up the discharge of mucus. 

Individual treatment may be used if the bird is valuable enough to warrant 
it. Wash the nostrils and ejes with a warm solution of baking soda (con 
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Fig. 9-21. Chronic cold ond ocular roup. Noto the iwollen face, exudate from the noitril, and 
mouth open for forced breathing. (Ohio Extension Bulletin 115.) 


teaspoon m a cup of water) or salt water (one teaspoon in a <^uart) . Irrigate 
the nasal passages with one of the above solutions by means of a special nasal 
irrigator. In case of severe swelling beneath the eye, open the spot with a 
sharp knife; press out the cheesy material; and wash the wound with one of 
the above solutions. 

Botulism (limberneck). Botulism is an acute disease of poultry and wild 
birds characterized by weakness and prostration. The first symptoms are dull- 
ness and leg weakness. These are soon followed by paralysis of the neck, 
wing, and leg muscles (Fig. 9—22). The bird appears lifeless. The feathers 
arc loose and may be plucked easily. Death may be sudden or the bird may 
linger for sc\ era! hours. 

Botulism is caused by a toxin produced by the CloslriJium boiulinum 
bacteria. It is a soil organism that grows out of contact with air. It may grow 
and produce toxin in dead animals, closely packed hay, and in canned foods 
not thoroughly cooked. 

In case of an outbreak, shut the birds oil the range until the source of the 
trouble has been located and removed- Give the birds a laxative as in case of 
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poisoning. Do not feed spoiled 
canned food to chickens unless it 
has been thoroughly cooked to de- 
stroy the toxin. 

Navel infection (omphalitis). 
Navel infection is also known as 
"mushy chick disease” among 
hatcherymen. It is a rather uncom- 
mon disease that occurs among 
chicks the first day or so after 
hatching. 

Symptoms of navel infection 
among chicks are drowsiness, mushy and puffed appearance of the abdomen, 
death within a few hours after the first symptoms, and high mortality the 
first seventy-two hours after hatching. , . 

Autopsy examination of birds having navel infection shows a parboiled red 
color of the abdominal skin and muscles, accumulation of water and gas in the 
abdominal cavity, pale and swollen liver and kidneys, and fluid, putrid con- 



Fig. 9-22. Umberneck or bolutivn. (Ohio 
Extension Bulletin 115.) 


tents of the yolk sac. . . 

Several kinds of bacteria have been isolated from cases of navel infection. 
The causative organism has not been definitely established. 

Control of navel infection may be accomplished by the use of stria sa; mo- 
tion in incubators. Incubators should be thoroughly cleaned and fumigated 
between hatches (p. 145). 

In case of an outbreak, fumigate the incubators between hatches with three 
times the strength of formalin used at hatching time. It may also be necessary 
to dean, disinfect, and fumigate the egg, incubator, and battery rooms to de- 
stroy the disease germs in the chick hatchery. 

Apoplectiform septicemia. This is a rapidly fatal baaerial disease which 
may affect chickens, turkeys, pigeons, and other fowls. 

Symptoms include sudden death or depression, listlessness, staggering g ait > 
prostration, and finally death. 

Autopsy examination of infeaed birds shows discoloration of the skin oi 
the breast and neck caused by subcutaneous hemorrhages; serous or bloody 
exudates in the heart sac and body cavity; swollen liver, spleen, and kidneys; 
and congested intestines and lungs. 

Baaerial cultures from the blood reveal the presence of Streptococcus 
capsulatus gallinarum. 

Control of apopleaiform septicemia infeaion involves the use of the same 
sanitary measures as used for the control of cholera and fowl typhoid. 

Healthy fowls may be vaccinated against apopleaiform septicemia by the 
intravenous injeaion of a killed culture of the causative organism. 

Erysipelas. This turkey disease is caused by the same baaerium (Erysipcl* 
othrix rhusiopathiae) which causes erysipelas in swine and sheep. It ctay 
also be spread to man by handling infected turkeys or farm animals. The <h s " 
ease may affect turkeys of all ages. It may be chronic or acute, resulting in 95 
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high as 30 per cent mortality. The 
organism gains entrance most readily 
through a break in the skin. It may 
live throughout a winter in contami- 
nated soil or litter. 

Symptoms of erysipelas include 
swelling and red discoloration of the 
snood or caruncles (Fig. 9-23), in- 
activity, poor feed consumption, thick 
mucus in the nostrils, and a yellowish- 
green diarrhea. 

Autopsy findings include scattered 
hemorrhagic areas throughout the 
muscles, enlarged congested liver and 
spleen, and inflamed intestines filled 
with a blood-tinged mucus. 

Control involves isolation of sick 
birds and removal of flock to clean 
range or litter. Sick birds should be 
injected in the breast or thigh muscles 
with 100,000 units of procaine peni- 
cillin. It may be repeated in 24 to 48 
hours. 

Preventive vaccination may be used by injecting 1 to 2 cc. of ersipelas 
bacterin subcutaneously under the skin in the neck region. 

Virus Diseases 

Viruses are believed to be living organisms, so small that they are difficult 
or impossible to see with the microscope. The proof of their existence is the 
ability to produce disease by introducing body tissue, or fluid which contains 
them. AU infectious diseases, where a causative organism has not been isolated, 
are generally classed as virus diseases. The principal poultry virus diseases are 
fowl pox, infectious bronchitis, Newcastle disease, and lymphomatosis. 

Fowl pox. Fowl pox has also been called chicken pox, contagious epithe- 
lioma, canker, avian diphtheria, and sore head. Ir is a highly in/ecrious disease 
affecting the head and mouth of chickens, turkeys, other poultry, and wild 
birds. 

Fowl pox usually occurs in the fall and winter, but may occur at any time. 
It generally affects birds during the first year of production, but may affect 
younger or older birds. Fowl pox slows up and may stop production. The 
losses may vary all the way from few or no deaths to rather high mortality. 

Symptoms of fowl pox arc watery eyes and a discharge from the nostrils, 
as in the case of colds; and small, grayish, raised blister-Jike spots tlur appear 
on the comb, face, and wattles and arc followed by a drying and darkening 
of the lesions to form warty-like scabs ( Fig. 9-24) . 
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Fig, 9-23. Erysipelas symptoms showing a 
swollen snood. 


Fig. 9-Ji. Fowl pox and in control- Abov*, the dark nodules or scabs ore fowl pox lesions. 
Below, wring voccinalion by the stob method for prevention of fowl pox. 
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The severity of the disease depends on the extent of diptheric deposits in 
the mouth. These are first thin, whitish, or yellowish in color, and then be- 
come thicker, firmer, and harder to remove. 

The period between exposure to fowl pox and the appearance of the 
first symptoms of the disease varies from three to fifteen days. The duration 
of the disease varies from two or three days to as many weeks in acute cases 
and may last in a flock in chronic form for several months. 

The fowl pox virus gains entrance to the body through a break in the skin. 

Spread of fowl pox is by contaminated material and by dose contact. The 
disease may be carried from farm to farm by fowls that have had the disease 
or have been vaccinated recently, by mosquitoes and other biting insects, by 
wild birds, and by equipment. 

Control of fowl pox is accomplished by using preventive measures. There 
is no satisfactory treatment. If the disease is present in the flock in chronic 
form or if it has caused trouble during the past two or three years, it is ad- 
visable to vaccinate all birds that have not had the disease. 

In case of an outbreak of pox among birds that are already in production, 
the flock should be vaccinated with the pigeon strain of fowl pox vaccine. 
Its action is milder than that of the fowl strain and does not cause so great 
a loss in egg production. 

In preventive vaccination in pullet flocks, the birds should be vaccinated 
with a fowl strain of pox vaccine when the birds are eight to twelve weeks old 
(Table 9-8). Later, vaccination gives the birds a "set back” in development. 

Table 9-8 


SUGGESTED VACCINATION SCHEDULE FOR VIRUS DISEASES 


Age 

Vaccination 

Method • 

1-7 dajs 

Newcastle and brortchhes (mixed) , 

Drop in nose or eye or drinking wa- 

4 week* 

Newcastle revaccination 

Drinking water, spray or dust 

6 week* 

Laryngotrachcitis if disease is i 

Brushed on inner wall of cloaca or 


prevalent in territory 

dropped in sent 

S to 12 week* 

Fowl pox ** 

W mg stab 

16 

Newcastle and bronchitis re vac- 

Drinking water, spray or dust 


cination 


Fiat Annual 

Newcastle and bronchitis rcvac- 

Drinking water, spray or dust 

Molt 

cination 



* Fi oitow di liirecuui of the manuf»cturff of tie racciac 

*• M»r be xicciOiicJ it loy liltf »*« » ilh pigeon pot wcciae. but 4urition of immunity it not •• pelt. 


While the fo*l strain of pox vaccine is more severe in its action than the 
pigeon strain, it is believed to provide more lasting immunity. 

Vaccination for prevention of fowl pox is carried out by nuking a break 
in the skin and introducing a little of the vaccine mixture. In the feather 
follicle method, three or four leg feathers are plucked and the vaccine added 
to the spot with a brush. In the more recent sub method, two scuing ma- 
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*■£££££* * "lake" may be observed in five to seven days. The 
siteof vaccination will show inflammation and later the formation of scab 
which will diop off in three ot four weeks. . 

Laryngotracheitis. This disease is also known as infectious trachelM, l 
fluenza, or flu. It is a highly infectious respiratory disease of <*“*“£*£ 
may also affect turkeys, ducks, pheasants, and wild buds. 
is mote prevalent, lasts longer, and causes greater mortality ™ong buds s 
to one year old than among older or younger birds. It occurs mos 

frequently during the fall and winter months. . . ... 

Symptom! of laryngotracheitis are watery eyes, lack of activity, coug & 
sneezing, shaking the head, gasping for breath (Fig. 9-25), coughing up 

bloody mucus, strangulation, and possibly sudden death. 

The disease may go through the flock in one to two weeks or it may con- 
tinue for a month or more. 

Autopsy examination of birds infected with laryngotracheitis reveals an 
inflamed glottis and trachea, presence of yellow cheesy material, and me 
nostrils and mouth filled with a sticky mucoid exudate. 

In case of an outbreak, use the same measures as for colds (p. 328). In- 
halants will check the discharge of mucus in the respiratory passages. If me 
mucous discharge can be checked, fewer birds will die as a result of strangu- 


lation. 

Cloacal vaccination (Table 9-8) is used for the prevention of Jaryngo- 
tracheitis in a flock and for preventing the spread from infected birds to 
healthy ones in case of an outbreak. The bird is held by an assistant and the 
upper part of the vent is rolled open with the thumb and forefinger. A stiff 
brush moistened with vaccine is rubbed back and forth across the mucous 
membrane until a slight redness is produced. Or, one type of vaccine may be 


dropped in the vent. 

Five days after vaccination a "take” is indicated by a reddened and swollen 
membrane at the point of vaccination, which is also covered with mucus. 

Infectious bronchitis. This is a highly infectious disease which may 
occur in birds of all ages. It lasts about two weeks. In young chickens, three 
or four days to three or four weeks, mortality may range from near 0 to 9® 
per cent. It results in decreased growth rate and lower carcass quality. In the 
laying flock, infectious bronchitis results in a sudden drop in egg produc- 
tion but does not cause high mortality. When egg production starts to in- 
crease again, the eggs are often irregular in shape, have a very poor shell tex- 
ture and damaged interior quality. 

Symptoms of iofectious bronchitis include gasping, a crackling sound 
when held dose to the ear, a n asal discharge and decreased appetite. _ 
Autopsy reveals a thick mucus or plugs of exudate in the bronchi or 
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infected chicks. A fibrinous material may be found in the heart sac and the 

air sacs are cloudy or contain a little or much cheesy matertaL 

Control of infectious bronchitis is by prevention with stria isolation or 
preventative vaccination (Table 9-8)- The vaccine may be used as a dust, 
spray or in the drinking water. The immunity lasts for only a few months. 
Directions of the vaccine manufacturer should be followed closely. 

Chronic respiratory disease (C R D). This disease may affect broilers, 
replacement pullets, and laying and breeding chickens. It is usually chronic 
in nature, resulting in low mortality and decreased growth rate, larger than 
normal percentage of cull birds, reduced egg produaion, and poor feed con- 
version. The causative organism is believed to be either a small pleuro- 
pneumonia bacterium of the type which causes infectious sinusitis in turkeys 
(p. 337), or a virus. It appears to be an infective agent of low virulence 
which may be present in the respiratory tract and causes infection when the 
resistance of the bird is reduced or stress increased as a result of other re- 
spiratory diseases, vaccination, or unfavorable environment. The causative 
organism may be carried in the eggs of infected breeding docks. Air-borne 
infeaion and contact transmission are likely. 

Symptoms of C R D include nasal discharge, respiratory rales, a hacking 
cough, reduced feed intake, decline in egg produaion, and weight loss 
(Table 9-9). Symptoms in mature birds resemble those resulting from 
infectious bronchitis (p. 334) or Newcastle (p. 340) disease. Mature birds 
seem to develop the disease more readily than young and are believed to be 
more susceptible. 

Autopsy usually reveals a marked thickening of the air sac membranes 
and accumulation of caseous pus in the air sac cavities. A similar condition 
is observed in turkeys infected with infectious sinusitus. It is less common in 
chickens with infectious bronchitis or Newcastle disease. Autopsy may also 
show a fibropurulent exudate coating the liver and a fibrinous pericarditis. 

Tracheal culture and blood tests may be made to differentiate CRD from 
other respiratory diseases. Hemagglutination-inhibition, whole blood, serum 
plate, and tube agglutination blood tests may be used to establish the presence 
of the disease in a flock. Results of blood tests usually agree on a flock basis 
but not on individual birds. 

Control of C R D may be accomplished by sanitary farm conditions, avoid- 
ance of stress factors and avoidance of the introduction of stock or hatching 
C SS S from infected flocks. A blood test may be used to detect the presence of 
the disease. Once it is present in a breeding flock, all the birds should be sold. 
The premises should be cleaned before new stock is introduced. 

In case of infected valuable breeding stock, the life cycle of the PPLO 
organism may be broken by injecting each breeder with dihydrostreptomycin, 
an antibiotic Eggs produced the following two weeks are believed to be free 
from PPLO. Feeding infected flocks a high level (100 grams per ton) of 
antibiotic results in reduced mortality, better gro» th or egg produaion, 3nd 
improved feed efficiency. Magnamycin, tcxramycin, streptomycin, and aureo- 
m) cm appear to be most effeem e. 
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Table 9-9 


AIDS FOR DIAGNOSIS OF VIRUS RESPIRATORY DISEASES 


DUcue 

Rate of 
Spread 

Age 

Affected 

Duration 

Mortality | 

Symptom! 

Autopsy 

Infectious 

bronchitis 

Rapid 

All 

ages 

4-21 days 

0-40% 

Coughing, 

sneezing, 

rattle. 

Sudden drop 
in egg 
production. 

Cheesy 
material 
in bronchial 
and air 
sacs. 

Newcastle 

disease 

Rapid 

All 

ages 

4-28 days 

0-100% | 

Breathing 

difficulty. 

Nervous 

disorder. 

Sudden and 
complete drop 
in egg 
production. 

Mucous in 
trachea. 
Cloudy 
air sacs. 

Chronic 
respirator)’ 
disease (CRD) 

Slow | 

All 

ages 

Months 

0-40% 

Respiratory 

symptoms. 

Poor feed. 

Consumption. 

Emaciation. 

Yellowish 

false 

membrane 
over viscera 
and in 
air sacs. 

Infectious 

laryngotra- 

chcilis 

Rapid 

Young 
adults. ! 
Adults 


5-01% 

Coughing of 
bloody mucus. 

Bloody 
mucus in 
trachea. 

Infectious 
coid (coryza) 

Rapid 

Young 

adults. 

Adults 

10 days 
to months 

0-25% 

Nasal dis- 
charge. 

Swelling of 
face. 

Mucus in 
upper 
respiratory 
passages. 


Infectious sinusitis. This is a contagious, chronic respiratory infection of 
turkeys caused by a plcuro-pncuraonia-likc (PPLO) organism, which has 
some of the properties of both a small bacterium and a virus. The causative 
organism is believed to be similar to the one which causes CR Din chickens 
(p- 336). Infectious sinusitis may be spread by nasal discharge and possibly 
in the eggs from infected flocks used for hatching poults. 

Symptomi of infectious sinusitis include nasal discharge, foamy secretion 
in the ejes, and eventual spelling of the sinuses with a gclatin-hkc exudate 
(Fig. 9-26). Feed consumption declines and there is often a loss m weight. 

Autopsy may reveal congestion of the lungs, and air sacs as in C R D in 
chickens (p. 336), 

TrcMmcKt involves isolation of sick birds as soon as detected. They may 
be given individual injection of an antibiotic preparation directly into the 
affected sinus or intramuscularly. Streptomycin, aurcomjein, Chloromycetin 
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Fig. 9-26. A severe 
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and others may be used. Directions of 
the manufacturers should be followed. 

Lymphomatosis. Lymphomatosis 
is also known as range paralysis, neu- 
rolymphomatosis, and leucosis. The 
disease here described is a distinct 
virus disease and shocld not be con- 
fused with various types of paralysis, 
lameness, or leg weakness resulting 
from vitamin deficiencies, parasite in* 
festations, or bacterial infections. It at- 
■ of unuiitui. fe Ct s chickens between the ages of six 
weeks and eighteen months, but the 
highest incidence of the disease occurs between the ages of four and twe ve 
months. The mortality may reach as high as 75 per cent. 

Symptoms. The symptoms of lymphomatosis vary with the strain ot tne 

fective agent and the course of the disease. 

The paralysis form is first indicated by a drooping of the w g 
partial paralysis of one or both legs (Fig. 9-27). In a short time the bud a 
unable to stand and is not able to reach feed or water. The muscles of an 
affected leg often shrink or wither. Affected birds generally have a heauny 
appearance, except for the paralysis, and a good appetite. They may s 

digestive disturbances as indicated by diarrhea. 

The blindness form is indicated by a fading of the color of the eye. 
changes from the usual reddish-bay to a gray. In severe cases the pupils »ai 
to respond to light. The eye sometimes bulges out and the bird becom ‘ 
totally blind. The birds may continue to find the feed and water and lay w 
for a time after they lose their eyesight. . , 

The leucosis or leukemic form is indicated by paleness, loss or weig w 
and weakness. The affected birds resemble those affected with chronic coc- 
cidiosis. The birds may live for several weeks. 

The tumor form seldom shows any external symptoms. Lumps may oe 
found in a few instances on almost any part of the body. 

The above forms of the disease may be due to the same or different viruses. 
Investigators are not in agreement on this point at the present time. 

Birds infected with lymphomatosis seldom, if ever, recover. 

Autopsy examination. In case of lymphomatosis accompanied by paralysis, 
the plexuses and large nerves leading to the affected legs or wings may be en- 
larged and yellowish-gray instead of the normal whitish-gray color. The 
cross striations characteristic of normal nerves are lost, and nodules may be 
present anywhere along the affected nerve. 

In case of the leukemic form of the disease, the liver, spleen, and kidneys 
are usually enlarged, grayish-red in color, and soft and flabby. The liver may 
be spotted with brownish or gray areas and easily ruptured. 

In case of the tumor form of lymphomatosis, the masses of abnormal tissue 
may be found about the ovary, liver, spleen, kidneys, and other tissues of the 
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Fig. 9-27. Fowl porotym or laucosis. (Sea alto Figure 3-9.) lef»— upper, typical tymptom* of 
fh* porolytit form, left— lower, "white eye" fation, o symptom of leukemia. Normol eye of 
left and diteated eye at right. Right, leg nerves of normol fowl at left and of leucemic fowl 
ot right. (Courtesy W. R. Grohom, University of Illinois.) 

body. The tumors vary greatly in size. They are generally grayish or yellowish 
in color. The centers of the tumors are generally necrotic and yellowish in 
color. 

Microscopic examination of the blood generally reveals the presence of 
an unusually large number of white blood cells. Examination of the nerves 
and other tissues of the body shows infiltration of massive numbers of white 
blood cells. 

Control. There is no known treatment for lymphomatosis. It is generally 
believed that chickens become infected when quite young. The development 
of symptoms of the disease requires a month or more after infection. Old 
birds arc believed to be carriers of the disease. Young chicks probably be- 
come infected by contaminated feed, litter, water, or range. The disease may 
be carried by flics and other insects, wild birds, animals, and equipment. 
Young stock should be raised separate from old stock and as far away from 
them as possible. 

Birds showing any of the symptoms of lymphomatosis should be removed 
from the dock as soon as noticed. Those showing only the eye symptoms of 
the disease may be sold for meat. 

In case of an outbreak which may cause heavy losses, dispose of the en- 
tire flock. Clean and disinfect the buildings and allow them to remain idle 
for a month or more. Restock the farm with birds from a flock where the 
disease lus not occurred or from one that is no longer bothered with losses 
from I) mphomatosis. 



340 


POULTRY: SCIENCE AND PRACTICE 


Birds that live through an outbreak of paralyse have some immunity 
against the disease. Data being obtained in various pans c i the country in- 
dicate that it is possible to breed strains of chickens that will have resistance 
against lymphomatosis infection. . . 

Fowl plague. Fowl plague, also known as fowl pest, is a common virus 
disease in Europe. A few outbreaks have occurred in the United States. 

Symptoms of fowl plague include ruffled plumage, loss of appetite, droopi- 
ness, darkening and swelling of the comb and wattles, and, in advanced 
cases, a clogging of the eyes and nostrils with a sticky exudate. Death usually 
occurs in from two to five days. A high percentage of the flock may die 


within a few days. _ , , 

Control of fowl plague requires rigid sanitation. Remove, kill, and burn 
diseased birds. Remove the remainder of the Hock ro dean quarters. Thor- 
oughly dean and disinfect buildings and equipment. 

Newcastle disease. Newcastle disease, also known as avian pneumoen- 


cephalitis, is a respiratory and nerve virus infection of poultry. 

Symptoms in chicks arc first a respiratory infection resembling infectious 
bronchitis (Table 9-9). As the disease progresses, some chicks develop nerv- 
ous symptoms such as distortions of the neck (Fig. 9-28), shivering, inco- 
ordination, convulsive seizures, circling, and sometimes paralysis. Mortality 
may be slight or it may reach 30 or 40 per cent. The nerve symptoms arc some- 
what like those in case of nutritional encephalomalacia (p. 295). However, 
autopsy reveals mucus in the trachea and clouded air sacs in Newcastle disease. 

Symptoms in adult birds resemble those of a cold or infectious bronchitis. 
The infection spreads rapidly. There is a drop in feed consumption and a 
sudden drop in egg production to nearly zero in one or two days. The eggs 
laid during the period are generally rough-shelled or soft-shelled and the 
white is often of poor quality. The respiratory symptoms last from four to 
eight days and egg production is affected for three to eight weeks. Mortality 
is usually low, two per cent or less. 

Control should be based on preventative vaccination (Table 9-8) rather 
than on treatment. Growing chickens may be vaccinated at any age, at the 
same time and by the same method used for infectious bronchitis. If a live 
attenuated vaccine is used, immunity will carry through the following laying 
season. Chicks hatched from immunized birds will have some immunity. 
However, it disappears and the chicks are susceptible to Newcastle infection 
by the time they are two to four weeks old. In some broiler areas where New- 
castle losses have been heavy, the chicks are vaccinated when received or 
during the first two weeks. 

If an outbreak occurs, feed a high level ( 100-200 grams per ton) anti- 
biotic or NF-180 (p. 326) as directed by ma nufacturer. * 

Ornithosis. This is a virus disease of parrots and some other species of 
birds. It may be spread to laboratory animals and man. 

In parrots the disease is characterized by weakness, prostration, diarrhea, 
and death. Persons contracting the disease from birds or laboratory animals 
develop pneumonia. 
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Strict sanitary measures are neces- 
sary for the prevention and control of 
psittacosis. 

Epidemic tremors. This is a dis- 
ease of chicks up to six weeks of age. 

Ir is probably caused by a virus. 

Affected chicks show a constant 
trembling. Handling increases it. The 
trouble stops during sleep. Mortality 
may reach 50 per cent. No method of 
control is known. 

Infectious synovitis. This is an 
arthritic disease of growing chickens and turkeys caused by a filterable virus. 
The economic losses of the disease may vary' from 2 to 75 per cent, resulting 
in emaciated birds which dress out poorly. 

The disease is most common among birds 4 to 12 weeks of age but has 
been found in older ones. Wet, damp, and cold brooding conditions are 
favorable for its development. 

The mortality is usually low but may be as grear as 30 per cent. The af- 
fected birds become weak, listless, and tend to assume a sitting position. 
General lameness is evident in the flock. A greenish diarrhea is a constant 
symptom. 

Autopsy usually reveals a creamy exudate in many joints, especially the 
flexor tendons of the foot pads and wing joints. In acute cases the liver is 
enlarged, mottled, and may contain necrotic foci. 

Bacteriological examination is necessary to differentiate infectious syno- 
vitis from arthritis caused by staphylococci and from septicemic diseases 
such as fowl typhoid. 

The disease may be prevented, checked and cleared up by high level (100 
to 300 grams per ton) antibiotic feeding. Chlortetracyclinc and oxytetra- 
cydinc use arc more effective than streptomycin or penicillin. Furazolidone 
may be used in place of the antibiotic. 

Infectious hepatitis. This disease affects both growing chickens and lay- 
ing hens. Ir develops slowly and is accompanied by a drop in egg production 
of 30 to 40 per cent for a period of several days or weeks. Severely affected 
birds arc listless and roosr or stand apart from the rest of the flock. Mortality 
may reach 10 to 15 per cent. Autopsy reveals an abnormal User and occasion- 
ally an abnormal heart or spleen. The liver may be enlarged, mahogany brown 
or pale in color, show areas of hemorrhage, possess grayish uhitc areas of 
degenerative tissue, and break easily. The heart, especially of joung birds, may 
be pale and flabby and have fluid in the pericardial sac. Liver abnormalities 
arc more common in la) ers than the heart condition. 

The use of 0.022 per cent furazolidone in the ration for mo weeks may be 
used as a treatment. If the trouble reappears, repeat the treatment. 

Blucoomb. This disease of unknown cause is also known as pullet disease, 
X*discasc, cholcra-Iikc disease, contagious indigestion and monoc) tests. It re- 
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Fig. 9-28. Newcastle symptoms in growing 
chickens. 
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spends to antibiotic (p. 257) and furazolidone (p. 326) treatment like bac- 
terial infections. There is some evidence that it is a virus disease. 

Bluecorab in chickens and bluecomb in turkeys (mud fever) are probably 
due to different infective agents. The disease is most common among pullet 
chickens in late summer or early fall. It may affect turkeys of aJJ ages. 

Symptoms are usually shown by sudden loss of appetite, listlcssncss, diar- 
rhea, and darkening of the head (bluecomb) and skin. There is loss in weight, 
dehydration of tissues, and a sharp drop in egg production. The disease usu- 
ally lasts 10 to 14 days and mortality may run as high as 50 per cent, espe- 
cially in young turkeys. 

Autopsy. The crop may be full of sour material or empty. Hemorrhages 
may be seen on the heart sac and in the ovary. The pancreas is often chalky. 
The liver is usually normal. The kidneys and ureters are usually filled with 
whitish urates. There is a sticky mucous in the intestine. 

Control. Avoid undue stresses on pullets at housing time. In case of an 
outbreak use a soluble antibiotic, as aureomycin or tcrramycin, or nitro- 
furazone (p. 326) in the drinking water, according to the directions of the 
manufacturer. 

Diseases Associated with Egg Production 
Diseases of the reproductive organs, associated with egg production, ac- 
count for most of the losses of noninfectious nature among laying hens. The 
principal diseases associated with egg production are "pick outs,” rupture of 
the oviduct, egg bound, ruptured yolks, and blood and meatspots in eggs. 
Birds may be bred for a low incidence of these troubles. 

Pick outs. This trouble is usually encountered among pullets during the 
first weeks of egg production. If the bird, after laying an egg, does cor re- 
main on the nest or away from the other birds until the evened cloacal mem- 
brane is withdrawn, the other birds are attracted by the red membrane and 
begin picking it. The cloacal membrane becomes bruised and swollen and 
hemorrhage may result. In bad cases, the entire cloacal area is picked away 
and the bird dies from hemorrhage. 

txtjocoi birds sham'd be removed as soon as noticed. Puffets should be 
trained to lay in nests by placing birds in them that have a habit of laying 
on the floor. Bright light should be excluded from the house in case "pick 
out” trouble is encountered. 

Feeding oats, using built-up litter, and keeping legume hay or green feed 
available may help to prevent "pick outs.” If the trouble starts and persists in 
spite of all of the precautionary measures, it may be necessary to trim the 
upper part of the beak (Fig. 9-29), especially of the offenders, back to the 
tender undercoating. 

Prolapse of oviduct. The oviduct may come loose and protrude from the 
vent when a bird lays an egg. The blood which accompanies the prolapse and 
the oviduct itself attract other birds and the injured one is picked to death 
unless it is promptly isolated. The trouble is most common during the late 
winter or early spring and affects high-producing birds. 



fifl. 9-29. Mitceltonaow* poultry (rouble*. Top. pollute of bird* »itb ruptured oviduct o*td 
egg* iooie in the body cavity. Centeri procedure lor omputolion of froten combi or for dub- 



Fig. 9-30. Pendulous crop, on inherited condition. 


There is no satisfactory treatment. Affected birds, observed and removed 
soon after the prolapse, may be used for meat. 

Rupture of oviduct. Internal rupture of the oviduct may result from se* 
vere inflammation, an attempt to pass large eggs, or from injury. The break- 
ing of the oviduct permits yolks or fully formed eggs to pass into the body 
cavity. The yolks may rupture and the contents dry out, forming a yellow 
coating over the viscera. The material interferes with the normal functioning 
of the abdominal organs. 

Yolks or even whole eggs may get loose in the body cavity and cause a 
protruding abdomen (Fig. 9~29). 

There is no treatment for mpture of the oviduct. The use of low perches 
and nests, careful handling of birds, and feeding well-balanced rations will 
reduce the number of cases. 

Egg bound. Egg-bound trouble occurs most frequently among pullets. It 
results from attempts to pass large or double-yolked eggs through an oviduct 
that is too small for their passage. Birds appear listless and make frequent at- 
tempts to lay. 

As a means of treatment, the bird may be placed on its back, a fiogcf 
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greased and inserted into the oviduct, and the egg worked toward the cloaca 
by the finger and pressure on the abdomen. 

Several eggs may collect in the oviduct, resulting in its rupture, and may 
cause a bird to assume the posture of a penguin. 

Ruptured yolks. A yolk may rupture and flow into the body cavity or 
into the oviduct. When it flows into the body cavity, it covers the internal 
organs and gives them a yellowish cast. The accumulation of yolk material in 
the peritoneal cavity may result in peritonitis and death. 

If the yolk ruptures in the oviduct, it adheres to the walls, causes a thick- 
ening of the membranes, and leads to a catarrhal peritonitis. 

Rupture of yolks may be caused by cholera (p. 325), rough handling, 
fright, flying on and off of high perches and nests, and by faulty nutrition. 

Ruptured blood vessels. If a small blood vessel on the follicle (p. 63) 
ruptures, a blood spot may appear on the yolk. If the rupture occurs in the 
magnum portion of the oviduct (p. 57), a blood spot may appear in the 
albumen of the egg. The rupture of a larger blood vessel may result in a 
bloody egg. Weak blood vessels in the egg forming organs (ovary and ovi- 
duct) probably stem from a weakness of these organs, permitting prolapse, 
ruptured yolks, egg bound, and other hereditary reproductive weaknesses. 

Miscellaneous Diseases 

A number of diseases of poultry are caused by injury or undesirable en- 
vironment, while still others are caused by microorganisms or conditions that 
are not well understood. These diseases have been classed as miscellaneous. 
They include cannibalism, heat prostration, frozen combs and wattles, edema 
of the wattles, necrosis of the beak, pendulous crop, bumblefoor, vent gleet, 
and tumors. 

Cannibalism. Cannibalism may be encountered among birds of all ages. 
Among chicks, the trouble is confined to toe and tail picking. Among mature 
birds, the vent, tail, and comb are the regions most frequently picked. 

The trouble generally breaks out among overcrowded birds that are kept 
in close confinement. Birds picking at a wound of an injured chick or picking 
ac the tails of birds in front of them ar the feeders, may gcr the habit of can- 
nibalism started. Housing pullets of different ages or stages of maturity to- 
gether, birds laying eggs on the floor, and prolapse of oviduct or hemorrhage 
from egg laying arc other things that may lead to cannibalism. 

Cannibalism may be controlled by darkening the windows in the house, 
providing range, use of oats in the ration, and the removal of all injured birds 
as soon as observed. Sometimes a few birds arc the cause of all the trouble. It 
is desirable to watch for them and remove them from the flock. At times the 
use of one of the abosc suggestions is sufficient for control of the trouble, 
while in other cases more than one of them need to be used. 

Dcbcaking day-old broiler chicks for broiler production or pullets at time 
of housing is becoming a general practice as a sure means of prc\ enting can- 
nibalism. It is also used in turkey production ( Fig. 6-J7 ) . 
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The wounds of injured birds should be painted with pine tar or an anti- 
pick" compound. One such compound consists of a mixture of four ounces 
of vaseline, one-fourth ounce of carmine, and one-half ounce of aloes. 

Heat prostration. Mature fowls are better able to withstand extremely 
cold than extremely hot weather. During extremely warm days, apparently 
healthy hens may die of heat prostration. 

Helpful preventive measures against heat prostration are shade, ventilated 
nests, and an ample supply of water. 

Frozen combs and wattles. Birds having large combs and wattles may 
have them frozen during extremely cold temperatures in the house. The 
frosted parts become swollen and painful, bluish-red in color, and the severely 
frozen portions slough off. 

If discovered early, the affected parts may be thawed out with cold water 
and thoroughly greased with vaseline. 

Amputation of badly frozen combs and wattles will hasten recovery (Fig. 
9-29) • The comb or wattle is cut off with tinners’ shears or some other dull 
shears which crush as they cut. The crushing of the tissues and blood vessels 
helps to prevent hemorrhage. Searing the cut surface with a hot knife, addi- 
tion of a few drops of an alcoholic solution of ferric chloride, dusting with 
powdered alum, or the application of a little ground mash feed to the wound 
will aid in stopping the bleeding which may result from the operation. 

Dubbing is the term commonly used to designate the removal of the combs 
and wattles of growing stock to prevent freezing during the ensuing winter. 
The combs and wattles may be trimmed from young Leghorns by means 
of small sharp scissors when the birds are a day old. There is no bleeding 
when the operation is performed at this age. 

Edema of the wattles. This disease is characterized by a hot, swollen 
wattle filled with a fluid which later changes to a hard cheesy nodule. Edema 
of the wattle is more common among males than females. 

The cause of edema of the wattle is not known. The causative organism 
for fowl cholera (p. 325) and other bacteria have been isolated from the 
lesions. The trouble may start from an infection in a wound of the wattle. 
The affected wattle may be removed like frozen wattles. 

Necrosis of the beak. This trouble is caused by the packing of finely 
ground mash feed in the mouth. It may accumulate under the tongue or along 
the edges of the upper and lower mandibles. The accumulation of feed in- 
terferes with the closing of the mouth and results in abnormal respiration. 
The mouth becomes dry, inflammation sets in at the site of feed deposit, and 
secondary bacterial infections may result. 

The trouble may be prevented by avoiding the use of finely ground mash or 
by using more fiber in the mash. The use of a large amount of ground 
wheat in the ration may cause the feed to stick in the mouth. 

Affected chicks may be cured by removing the adhering food material and 
washing out the mouth with salt water. 

Pendulous crop. Enlarged pendulous crops (Fig. 9-30) may be found 
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among birds of the heavy breeds of chickens and among growing poults two 
to three months of age. 

The trouble may be caused by irregular feeding. Consumption of a large 
quantity of feed or water or both at a given time may cause a weakening of 
the crop wall which will not return to normal. 

Keeping feed and water before birds of all ages at all times, preventing 
overheating in houses, and providing shade on range will help prevent the 
trouble. 

Bumblefoot. Bumblefoot is a term applied to a swollen foot of a fowl. 
The condition, described here, is found most often among laying hens. 

The ball of the foot is hot and swollen. The bird may limp and hold the 
affected foot up. In some cases, both feet are affected. The swollen condition 
is followed by an accumulation of cheesy material in the ball of the foot and 
between the toes. 

Bacteriological examination reveals the presence of different kinds of bac- 
teria. They probably gain entrance through a break in the skin on the foot. 

In treating birds for bumblefoot, the lesions should be lanced, the cheesy 
material pressed or picked out, the cavity washed with salt water or 5 per cent 
carbolic acid solution, and the foot bandaged. The wound should be dressed 
daily until the bird recovers. 

Vent gleet. Vent gleet is a disease of mature birds. It is characterized by 
a severe irritation, a watery discharge that becomes foul smelling, and a red- 
dened area around the vent. The fowl will pick at the irritated surface, and 
other birds may pick at the swollen and reddened area, causing ulceration. 

Affected birds should be removed from the flock, the feathers clipped 
around the vent, the scabs removed by washing with warm soapy water, and 
zinc oxide or mercurial ointment applied to the inflamed area. 

Tumors. Tumors are masses of unorganized tissue which grow inde- 
pendently of surrounding structures and have no physiologic use. Old birds 
are quite likely to have tumors (Fig. 9-29). They arc found most frequently 
in the oviduct and ovary, but may occur anywhere in the body or on the sur- 
face. They vary all the way from baglike structures filled with fluid to hard 
meaty or even bony tissue. Tumors may press on nerves, causing paralysis; 
rupture blood vessels, causing hemorrhage; close the respiratory passages, 
causing suffocation; and cause injury or death in many other ways. 

There is no treatment for internal tumors. Some external tumors may be 
removed satisfactorily by surgical means. 
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Chapter 10 


Marketing Eggs 


ECGS ARE DIFFICULT ro marker because of breakage, perishability, seasonal 
production, number of small lots sold, distance from production to markets, 
and a lack of consumer knowledge of the nutritive value of the product. 

Marketing Problems 

Egg Breakage. Eggs must be handled carefully ro. prevent breakage. 
Breakage occurs: in the nests before gathering; in gathering, cleaning, and 
packing for market; in transportation; in sampling, grading and cartoning; 
in deliver)’ to egg counters in the stores; and on the way to the consumer's 
refrigerator. It is essential that eggs be handled with care and packaged in 
individual compartments or cells ro reduce the chances of breakage (Fig. 
10-3). 

Egg Perishability. Eggs are much like milk with respect to keeping 
quality. The shell that covers an egg is not an airtight container. Nature pro- 
vided the egg shell with pores for the entrance of oxygen and the escape of 
carbon dioxide during embryo development. The pores permit the escape of 
moisture and carbon dioxide and shrinkage of the egg contents. They also 
permit the entrance of microorganisms which cause spoilage. Therefore, eggs 
need to be gathered frequently, cooled quickly, kept in high humidity, 
cleaned, sbcJJ ireared, and ibe rime shortened as much as possible between 
production and consumption in order to maintain high quality and good 
flavor. 

Seasonal egg production. Wild and domestic birds, including poultry, 
have a natural urge ro lay eggs and reproduce )oung in the spring anJ early 
summer. This has resulted in high egg production in the spring and summer 
and low production during the fall and winter. The discovery of vitamins, 
especially vitamin D, has made it possible to raise birds indoors and all sea- 
sons of the )car. Better housing has made it possible to provide spring-Ukc 
conditions in the poultry house most of the jear. Better feeding, housing, 
selection of breeding stock, and proper management practices arc reducing 
the seasonal peak in egg production (Fig. 10- 1 ). As a result, eggs arc now 
more uniformly available, prices are lower and more uniform, consumption of 
eggs is greater, and there is less need for cold storage to hold eggs. 

Many small lots of eggs ro be marketed. Eggs axe produced on more 
farms and in more backjards than any other agricultural food product. More 
than 60 per cent of the four million farmers in the United States lu\c eggs 




Fig. 10-1. Seasonal egg production end prices. 


for sale. Many of them have only a few dozen per week to be marketed. This 
creates a problem in getting them assembled and shipped in bigger lots to 
the consuming centers. The trend is toward fewer and larger egg production 
farms, resulting in better and more uniform quality of eggs marketed and 
lower costs of assemblying and marketing. 

Distance between egg production and consuming centers. Most or 
the eggs are produced far away from the thickly populated consuming centers 
(Fig. 10-2). It appears to be more economical to produce eggs in grain pro- 
ducing regions and send the finished product to market than to ship the raw 
materials for this purpose Land and labor are usually cheaper the greater the 
distance from the big cities. Shell treating of eggs and use of refrigerated 
trucks is making it possible to deliver good quality eggs from surplus pro- 
ducing areas to deficit consuming centers. 

Lack of consumer knowledge about the properties of eggs. The egg 
is probably the most complete food available to man. Evidence is the fact 
that an egg contains all of the essential nutrients for making a complete chick. 
Eggs have many functional uses and may be used in a variety of ways (Chap- 
ter 1 ) . There is a lack of consumer information available on the nutritive 
value, care, and use of eggs. The Poultry and Egg National Board is provid- 
ing valuable consumer education on these problems. 
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Fig. 10-2. Egg production -r population. 1958. States below the U. S. Average (350) and 
shaded are deficit areas. 


Characteristics of Eggs 

The egg is an unusual food produce in that it contains all of the essentials 
except oxygen for growth of the species. It is an article of food and at the 
same time a reproductive cell. A greater appreciation of the market value of 
the egg may be gained by an understanding of its formation, structure, chemi- 
cal composition, functional properties, and food value. 

Egg formation. Details of egg formation have been described in Chap- 
ter 3. It requires about eight days for a yolk to develop to maturity and nearly 
24 hours for formation of the egg after ovulation. 

Structure of the egg. An appreciation of the structure of the egg is nec- 
essary to know how to handle and market it properly, and to acquaint con- 
sumers with its use. Details of the structure of the egg have been given in 
Chapter 3 and diagrammed in Fig. 3-17. High quality eggs have a small air 
cell, well centered yolk, high percentage of firm albumen, and sound shell. 
The cbalaza, germinal disc and layers of dark and white yolk are normal in 
eggs. However, some consumers, not acquainted with egg structure, consider 
them as egg defects and objcciionablc. 

Chemical composition of the egg. The egg consists of about 1 1 per cent 
shell and 89 per cent *hitc and yolk. The egg contents consist of about 55 
per cent u hire and -15 per cent j oik. 

Functional properties of eggs. Eggs arc used mainly for food (Chap- 
ter 1). In addition to their nutritional value, they function as leavening 
agents (cake baking) and as emulsifiers (preparation of mayonnaise). The 
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presence of a slight amount of yolk in white interferes with its beating 
properties. Strictly fresh white does not beat as well as white that is older. 
White that has been subjected to too much heat docs not beat well. Space 
does not permit a discussion of the technology (physical chemistry) involved 
with the functional properties of eggs. 

Food value of egg s. Eggs are a good source of proteins, minerals, and 
vitamins (Table 5 — Appendix). They contain unidentified nutritional fac- 
tors. Since eggs contain food nutrients for the development of the embryo, 
they provide a readily available, easily digested and complete food for in- 
fants, convalescents, and the aged. Further work based on newer analytical 
methods and nutritional measurements will no doubr show thar eggs have 
even greater nutritional value than known at present. 

Egg Quality 

Egg quality is influenced by breeding (Chapter 4), nutrition (Chapter 8) 
and health (Chapter 9) of the layers. It is also influenced by the care of the 
eggs after they ate hid. Quality of the egg begins to decline from the time it 
is hid and continues until it is consumed. Determination of quality of eggs 
determines their market value. Some of the measurements of quality are ap- 
pearance (judging), candling, broken out examination (I.Q.), chemical 
analysis, microbiological analysis, and functional tests. 

Judging eggs by appearance. Eye appeal is important in marketing any 
product and especially so in marketing eggs. Consumers want, above all, 
clean eggs. They also are willing to pay more for large eggs and those of uni- 
form size, shape and color. Table 10-1 gives a score card for judging eggs by 
external appearance. 


Table 1 0-1 


JUDGING EGGS BY EXTERNAL APPEARANCE 


Poiirr V,ut 


Size 

Color 

Uniformity of size 
Uniformity of shape 
Uniformity of color 
Shell texture 
Condition of shell 


White Egg* 

Brown Ejt* 

24 

24 

6 

6 

— 

5 

12 

12 

12 

12 

10 

5 

24 

24 

12 

12 


Candling eggs. Examination of the contents of an egg without breaking 
die shed may be done m a qualitative manner by candling This quality ma»s- 



fig. 10-4. Soma equipment uied In involuting interior *03 quohty (IQ.). (I) Clou plot* 
with mirror. (2) Hough unit scale. (3) Micrometer. (4) Egg ihell thickness gouge. (3) Albumen 
height meosuring device. (6) Sail volution for determining specific gravity. (7) Device for 
meoiuting width ol yolk or albumen. (8) Color standard* for yolk color. 
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determining market grader of eggr are sho» n in Table 10— 


Table 10-2 

, UUUA »V or UN. TED STATES STANDARDS TOR QUAUTY OE .ND.V.DUAE 



Broken-out examination of eggs for interior quality (I.Q.)* Candling 
will detect cracked eggs, large blood and meat spots, and most types °y ot *j 
It will not detect sour or musty eggs (determined by odor), small bloody an 
meat spots, small yolk imperfections and color, or the true condition or 
white. A broken out examination is used for this purpose. > 

Appearance of the yolk and white may be observed from all angles ) 
breaking the egg on a glass plate provided with a minor (Fig. 10—4). 
yolk defects and small blood and meat spots not observed by candling m3 )’ 
be found when broken out. n . 

Odor examination of broken out eggs may detect sour, musty, "fishy 311 
other "off odors" not detected by candling. 

Albumen characteristics are important indications of quality. They may 









Fig. 10-5. Egg candlsri. Fluorescent light at left and white light at right. 


measured more accurately in the broken out examination of eggs than by 
candling. 

Haugb unit is a measure of the albumen as judged by its height and the 
weight of the egg. The height is measured mid-way between the edge of the 
jolk and the outer edge of the firm white (Fig. 10-6). The eggs are weighed 
on a sensitive balance (Fig. 10-5). Conversion tables have been worked ouc 

Table 10-3 


ALBUMEN QUALITY, GRADES AND SCORES 


L’- 5. ScjnJird 
Gr»df* 

1 uciu 

1 l' S. D A .W« 
(F.». 10 7) 

AA 

100 | 

1 


91 1 

2 

' 

Si 

3 

A 

75 | 

4 


67 

5 


59 

6 

B 

51 

7 


43 

8 


55 

9 

C 


10 


19 . 

11 


11 

12 





between the edges of the thick white. 

for converting albumen height and egg weight to Haugh units. These are 
listed on the albumen measuring devices. Other characteristics of eggs being 
normal, the relationship of egg grades and Haugh units are shown in Ta- 
ble 10-3. 

Visual albumen score may be determined by comparison with a set or 
standards for egg grades which have been prepared by the United States De- 
partment of Agriculture (Fig. 10-7). A somewhat similar measurement is 
the Van Wagenen score. Visual comparison of albumen condition with a 
standard chart is a quick qualitative measurement of albumen quality. 

Albumen index is the height divided by the diameter. It is used less than 
the Haugh or visual score. 

Percentage of thick albumen is determined by measuring the per cent of 
total albumen that will pass through a screen of a given mesh when an egg is 
broken out on its surface. This measurement is sometimes used in research 
work. 

Yolk color may be measured by comparing the broken-out yolk with a set 
of color standards (Fig. 10-4) or by extracting the coloring material with a 
fat extractive and comparing it with a set of dichxomate solution standards. 

Yolk index is the height of the yolk divided by the diameter. The nearer 
the index approaches 1 0, the better the quality of the yolk. Since the white 
begins to decline in quality before the yolk and is more sensitive to change, 
its properties are generally measured instead of those of the yolk when 
measuring egg I.Q. 

Shell characteristics may be examined at the time of broken-out examina- 
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High, Averoge and Low "AA” 



High, Average, and Low ‘‘A" 



High, Average and Low "6" 



High, Averoge ond Low "C” 

Fig. 10-7. Scarce (or albumen interior quality of egg*. (U. S. 0. A.) 


tion of egg contents. Breaking strength of shell, thickness, and porosity arc 
some of the shell measurements made. Specific gravity of eggs (flotation in 
salt solutions) is sometimes measured (Fig. 10— 1). The test measures po- 
rosity of shell by evaporation, increase in size of air cell, and the resulting 
lower specific gravity of eggs. 

Chemical anal) si J. Routine analyses of eggs arc sometimes made for 
moisture, crude protein, crude far, and mineral contcnr (Tabic 5, Appendix). 
The pH of eggs may gi\e some indication of quality. As carbon dioxide es- 
capes from egg white, the pH increases from near nrurraJ (pH 7.0 > to as 
high as 9.5. This is accompanied by the dcsclopmcnt of watery whites. White 
break-down (spoilage) is accompanied by the liberation of ammonia and in 
yolks by the liberation of foul-smelling sulfur compounds and acids, especially 
lactic acid. 




Fig. 10-8. Standard plate count* 
showing colonies of molds and 
bacteria. 


Fig. 10-9. Test of functional properties of eggs. Sponge 
cokes. 

Microbiological analysis of eggs. Eggs 
are sometimes analyzed for organisms, usually 
bacteria, which may cause black or £ reen 
spoilage; "blow-ups" in incubators; and food 
poisoning or high mortality of baby chicks, as 
caused by Salmonellas. Samples are first cul- 
tured on Petri dishes (Fig. 10-8) and the 
colonies (pure cultures) used for identification purposes. 

Functional tests. Eggs or egg products (whites and yolks) may vary m 
their beating or emulsifying properties. This is more likely to occur after 
they have undergone some processing such as cleaning, shell treating, stor- 
age, etc. 

Whipping tests are used to measure beating time and foam volume, spe- 
cific gravity, and stability. 

Cake baking tests are used to measure the leavening properties of egg 
yolk (sponge cakes. Fig. 10-9) and white (angel cakes). Cake volume is 
of primary importance. Other cake properties often considered ate appear- 
ance, texture, tenderness, moisture, and flavor. 

Emulsifying tests are used as a measure of the value of egg yolk. The egg 
mayonnaise test is commonly used. The greater the separation between liquid 
and solids m the mayonnaise mixture, the poorer the sample of egg yolk as 
an emulsifier. 


Production of Quality Eggs 

Breeding (Chapter 4), Housing (Chapter 7), Feeding (Chapter 8), and 
Diseases ( Chapter 9 ) , and possibly other factors influence the quality of 
eggs at time of production. 

Breeding. There are breed, strain, family, and individual differences in 
egg quality. This is shown by differences in egg shell color, size and shape 
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of eggs, sheli texture, presence of blood and meat spots, and albumen and 
yolk measurements. 

Housing. Housing influences egg quality at the time of gathering by its 
influence on dirty eggs. A nest should be provided for every four or five lay- 
ers. Clean nesting material should be used. Dry floor Jitter should be main- 
tained on the floor. Otherwise, the soiled feet and feathers of the birds will 
result in an increase in the number of soiled eggs at time of gathering. 

Feeding. The ration fed to layers influences the market quality and nu- 
tritional value of eggs (Chapter 8). Calcium and vitamin D influence shell 
quality; yellow pigmented feeds, yolk color; succulent feeds, firmness of al- 
bumen; cottonseed meal, yolk color; and garbage and liner, the flavor of 


e SS s - 



on *991. 

The type of ration fed influences the nutritive value of the eggs produced. 
For instance, the vitamin content of the ration influences the vitamin content 
of the eggs. 

Disease. Outbreaks of Newcastle disease or infectious bronchitis result 
not only in decreased egg production, but also cause abnormally shaped shells 
and "watery" whites with bubbly air cells. Other physiological disturbances 
result in yolk mottling, thin whites, and other abnormalities. 

Care of Eggs on the Farm 

Nearly all eggs ate of high quality at the time they are laid. Decline in 
quality starts at once and continues first at an accelerated rate and then slower, 
until the ecus are used IFie. 10-101. Oualitv deterioration Can be slowed hv 
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frequent withering, quick cooling, proper cleaning, shell treating, proper 
packaging, good storage, and frequent marketing. 

Gathering. Frequent gathering (three or more times daily) results m 
less breakage, fewer dirty eggs, and quicker cooling. 

Cooling. Quick cooling retains quality. It may be accomplished by gather- 
ing in wire baskets (Fig. 10-11) and storing eggs in a cool damp basement 
or a mechanical egg cooler (Fig. 10-10 and 12) operated at about 55 F. 
dry bulb reading and 50° F. wet bulb reading (Fig. 10—18). Lower tempera- 
tures result in sweating when eggs are removed. 

Cleaning eggs. Clean eggs are essential for good keeping quality and 
highest market value. From 10 to 80 per cent of all eggs gathered require 
some cleaning. The din may vary all the way from a speck to badly stained 
and soiled eggs. Slight amounts of dirt may be removed with a buffer (sand- 
paper) brush (Fig 10-13) . Badly stained or soiled eggs need to be soaked in 
an approved detergent-sanitizer and the dirt rubbed off either by hand or 
mechanically. Some prefer to wash all eggs gathered (Fig. 10-13). They 
claim that too much labor is requited in sorting the clean from soiled eggs. 
Another reason is that all eggs contain bacteria and mold spores on the shells 
at time of gathering even though no visible signs of dirt are evident. 

Washing in a detergent-sanitizer is preferred to dry cleaning because it 
avoids shell abrasions, it is accomplished with less breakage, it is quicker, does 
a more thorough job of cleaning, and frees the shells from spoilage micro- 
organisms. 

Recommended egg washing practices based on Ohio Agricultural Experi- 
ment Station Research Bulletin 762 are: 
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• Fig. 10-12. Mechonicol egg cooler. 

1. Use an approved detergent-germicide solution (the germicide is im- 
portant). 

2. Wash all eggs the day gathered. 

3. Use a solution that feels slightly warm ( 100-110° F.) to the hand. 

4. Use an amount of detergent-germicide recommended by the manu- 
facturer (200 p.pm. of Germicide). 

5. Do not wash more than four or five dozen medium soiled eggs per 
gallon of solution. 

6 . Do not wash off the detergent-sanitizer. 

7. Dr)' the eggs before packing. 

8. Make up a new solution each day eggs arc washed. 

9. Do not wash eggs unless it is done properly. 

Table 10-4 


U. S. WEIGHT CLASSES FOR CONSUMER GRADES 
OF SHELL. EGGS 


Sjicor 

Weight CL it 

Mio.trum on 
•right pn *Joira ! 

Minimum nrt "fight 
tor laitiYuLal t**» 

(XI d.tttO 

Jumbo 

-‘0 ounce* 

29 ounce* 

Extra large 

2? 

26 

Large 

2* 

23 

Medium 

21 

20 

Small 

IS 

17 

Pcc«ce 

15 

— 









10-15. Contoinan for morkaling aggu Uppar laft, froxan aggs (in (onground) baing 
loadad in rafrigarator cor. (Courlaiy Hmdtrton Product Compony.) Uppar right, agg cam 
mad# o( wood and fibaiboord (or shipping tggs. Lowar, agg cartons for ratoiEng aggt. 

Sizing eggs. A uniform pack of eggs is desirable. Large, medium, and 
other sires should be packed separately (Table 10—1) An egg scale is suit- 
able for small packing operations (Fig. 10-3). Larger farms often use an 
electrically operated automatic weighing scale ( Fig 10-1*1 ) . 
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Packaging eggs on the farm. Egg 
packaging materials (cases and car- 
tons Fig. 10-3) should be kept in the 
egg storage room where it is cool and 
damp. As soon as eggs are thoroughly 
cooled (Fig. 10-11) or at least : the 
day after gathering, they should be 
cased or cartoned, using clean filler- 
flats (Fig. 10-4) or separate flats and 
fillers (Fig. 10-3) and clean sound 
cases. Eggs do not dry out as rapi J 
when held in cases as in wire baskets. 

Eggs sold at wholesale from the 
farm are usually packaged in 30-dozen 
size cases. If sold at retail, they are usually packaged in one-dozen size cartons 

(Fig. 10-15). . . 

Oiling eggs on the farm. Eggs decline in quality by evaporation or mo 
rure through the shell. This results in weight loss and larger air cells. Car n 
dioxide also escapes through the pores. This results in an increase in pH an 
thinning of the white. These quality losses are greatest the first few days after 
eggs are laid (Fig. 10-10). They may be reduced by partially sealing the 
pores of the shell with a paraffin base mineral oiL It may be applied as a spray 
over the eggs on the flats or in the cartons (Fig. 10-16) or as a dip (Fig. 
10-17) before the eggs are packaged (Table 10-5). A gallon of oil is sum* 
dent to treat 20 or more cases of eggs and at a cost of less than three cents 
per case. 





fig. 10-16. Oil *pray treatment of shell 


Table 10-5 


INFLUENCE OF OILING EGGS ON PRESERVATION 
OF QUALITY * 



10 Dati 

i AT 75* F. 

12 Dati 

AT SO* F. 

Haugh tiniu 1 

Wt Urn 

Haugh uaiu 

\\U lot* 

None 

51 

1855 mg. | 

70 

729 mg. 

Oil *pray 

68 

280 

74 

223 

Oil dip 

75 

200 

79 

122 


l? 

Thermostabilization. This process involves agitation of eggs in water or 
an egg treating oil at 130° F. for 15 minutes or at a higher temperature for 
a shorter period of time. It kills the germ in fertile eggs; pasteurizes the shell 
and shell membranes, destroying bacteria which cause spoilage (Fig. 10-20); 
and stabilizes the albumen which retards thinning and egg evaporation. 


Shell Egg Marketing 

Eggs should be marketed from the farm at least once a week. There are 
many outlets for eggs ( Fig 10-19). 




Marketing methods. Farmers near cities often market their eggs direct 
to consumers by egg routes or road-side stands. Egg vending machines arc 
sometimes used (Fig. 10-21). Some farmers deliver or have their eggs picked 
up by egg cooperatives or independent dealers. They render several services 

in mm inn er f*< from rh/* firm tr> 



r,g. 10-19 Method, of «g 9> {torn form u 
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Assembly of 
eggs. Most eggs are 
picked up ar the 
farms on egg routes 
and hauled to the as- 
sembly plants in in- 
sulated trucks (Fig. 
10 - 22 ). The empty 
cases are exchanged 
for the full ones. 
Most pick-ups are 
made once a week. 
The eggs are de- 
livered to cool, hu- 
mid, egg-holding 



rooms until candled Fig. 10-20. Spoilage of washed egg* agitated in hot water or 

and packed for mar- oil for two minute* and held 3 week* ot SO* F. 






ker (Fig. 10-26). The case cost amounts to about two cents per dozen and 
the hauling charge a similar amount. 

Sizing (weighing).The majority of eggs are now marketed on a graded 
basis. A modern, small assembly plant for handling, sizing, sampling, cam 
dling, and casing or cartoning eggs in shown in Fig. 10—23- In a plant of this 
kind, eggs are lifted from the flats, three dozen at a time by means of a vacuum 
lifter and placed on a belt which moves them to the sizing machine ( Fig. 10“ 
24). Eggs of different weights are dropped into different channels and car- 
ried on a belt to the candlers. 

Sampling. Some assembly plants size, candle, count, and pay the producer 
for all grades and sizes of eggs in each shipment. A more modern and time- 
saving method is to pay for the entire shipment on the basis of a sample of 
eggs in the shipment. This may be based on the size of eggs in the sample and 





Fig. 10-24. Vacuum egg Itfler. Will pick up and release a layer ©I eggs at a time from a 
filter flat. 


their candled or broken out (I.Q.) quality as determined by Haugh units 
(Table 10-3). 

Candling. In the plant shown in Fig. 10-23, the eggs of different sires 
arc carried along on a belt and diverted to the side (a different size to each 
candlcr). Here the eggs arc candled for cracks and interior quality and arc 
then packaged. Assembly plant candling, record keeping, packaging and sell- 
ing costs amounts to 2 to *1 cents per dozen. 









Fig. 10-27. Automatic egg blood spot detector. Fig. 10-28. Candled eggs are placed accord- 
ing to grade on any one of eight shuffle feeders in front of candler and cracked and blood 
spot eggs on filler-flats. 



Eggs of high quality need no examination except for cracked shells and 
blood spots. They may be handled mechanically for this examination in the 
larger assembly plants. The eggs are lifted, three dozen at a time, by means of 
a vacuum lifter (Fig. ] 0-2-1) to a conscjor which passes them Q\cr lights. 
This permits picking out the cracked eggs and those with large blood and 
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xeating, and cartoning machines are used. (Fig. 10-28 and 29). It speeds 
the candling operation from 30 to 40 cases per worker per day to 60 
lore. It 3 Iso simplifies the record keeping. 

ackaging. Eggs are packaged according to size and grade into cases or 
Dns. If cartoned, the one-dozen egg cartons are carried on another belt 
ugh a carton closing, sealing, and dating machine (Fig. 10-25), and on 
: packaging table. From here the cartons are packed in 15-dozen non- 
rnable cardboard boxes or in 30-dozen egg cases. 

lolding. The boxes or cases of eggs move on conveyors (Fig. 10-26) to 
tir conditioned and humidified room where they are held until shipmenc. 
Ta importation. Cases of eggs are generally moved from the assembly 
its to the large city terminal warehouses by refrigerated trucks, which hold 
to 600 cases or more. The cases are packed end to end, to reduce break- 
in transir. Some eggs are also moved by refrigerated railway cars, the 
icity of which is about the same as that of large refrigerated trucks. The 
: of trucking eggs from the surplus producing assembly centers to the 
;e consuming centers amounts to two or three cents per dozen. 

Terminal cold storage of eggs. Storage of the surplus eggs in the spring 
, their sale in the fall and winter was an important part of egg marketing 
are more uniform production throughout the year became a more general 
cttce (Fig. 10-30). Shell egg cold storage rooms are maintained at about 
-32° F. and 80 to 90 per cent relative humidity. Eggs to be held in 
i storage are usually oiled (Fig. 10-17). The charge for storing eggs is 
iut 2 cents per dozen the first month and V 2 cent for each additional month. 
Wholesale distribution of eggs. Some eggs are sold in case lots at 
olesale (reduced price) to large users such as hotels and restaurants, 
detailing eggs. Most of the eggs sold in large cities are retailed through 
supermarkets to housewives (Fig. 10-31). The margin for the retailer is 
ully 8 to 10 cents per dozen. The retailer needs to provide refrigerated 
cases Irv hnldit^ eggs JSJnsr stares .have laws which govexo jdve/xiucg 
eggs. For instance, the Ohio egg law states that eggs advercised as fresh 
st be of Grade A quality or better (Table 10-2) and those advertised as 
gc must weigh 24 ounces per dozen ( Table 10-4) . 

Frozen Egg Marketing 

The frozen egg industry. The freezing of eggs started soon after the 
vclopment of central cold storage freezing facilities. It was first used as a 
sins of salvaging cracked, abnormally shaped, and soiled eggs. Now most 
the eggs that arc broken out for freezing are of good market value because 
the greater demand for frozen eggs (Fig. 10-30). The frozen and dried 
g business remains about 5 per cent of the rotal egg business ( Fig. 10-32 ). 
ost of the egg breaking and freezing plants arc located in the midwest sur- 
as egg producing areas, especially in Minnesota, Kansas, Missouri and 
wa. Peak operations arc in the spring of the jear when there is a large sur- 
as of shell eggs and prices arc low. 
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SHELL EGGS AVAILABLE FOR GRADING 
AND GRADED UNDER 
FEDERAL-STATE PROGRAMS 

mil. cases* I 


Production 


COMMERCIA^ HATCHERIEsJ 



1940 


1945 


1950 


i A CASE CONTAINS 30 DOZEN EGGS 


r AGRICULTURE 


1955 

S 

AGRICULTURAL UAimtW* URTICt J 


Fig. 10-32. Tho use of eggs. 


Advantages of frozen eggs over shell eggs are: (1) less storage space 
required (Table 6, Appendix), (2) keeping quality does not decline dur- 
ing storage, (3) cheaper, (4) less labor required in preparation for use, an 
(5) the purchaser need buy only the part needed, white or yolk. 

Uses of frozen eggs are mainly for bakery goods, salad dressing, candy, 
and noodle production. 

Egg breaking. Eggs are washed, if soiled, candled and broken individually 
by hand (Fig. 10-33) or by machine (Fig. 10-34). The contents are ob* 
served for abnormalities and smelled for off odors. The whites and yolks may 
be separated. High quality eggs are necessary for this purpose in order to 
avoid yolk seepage or broken vitelline membranes. The presence of a trace or 
yolk in egg white interferes with its beating properties. , 

Whole eggs are mixed and strained before packaging. Yolks are handled 
in a similar manner Salt or sugar (up to 10 per cent by weight) is often 
mixed with yolk before freezing to reduce its rubbery consistency after freez- 
ing and defrosting. Glycerine, molasses, or honey may also be used for this 
purpose. White is strained to remose chalaza, meat or blood spots, and shell 
fragments. It may be run through a chopper to mix the thick and thin white 
and reduce beating time. 

Sanitation is important m the egg breaking plant to prevent high bacterial 
count in the liquid egg. All equipment must be thoroughly cleaned at the 
end of each day and more often in warm weather. 







inimurx of miico rouirir i«ou«rtits. ckicxco. cicioou 

Fig. 10-33. Modern egg-breaking plant in operation. Fig. 10-34. Liquid egg peiteumation 
with plate heat exchangers. 

Pasteurization. Liquid whole egg, yolk or white, may be pasteurized much 
the same as milk in order to destroy pathogenic bacteria, especially Salmonel- 
las, and to prolong keeping time. Pasteurization of whole egg at 140° F.- 
142° F. for 3 to 3 Vl minutes is sufficient to kill Salmonellas. Egg white 
must be pasteurized at a temperature not higher than I35 J F. Bacteria are 
killed more easily by pasteurization when they occur in white than in liquid 
whole egg or milk. This is probably because of the lysozyme content of egg 
white. 

Packaging liquid egg for freezing. Thirty pound metal cans are gener- 
ally used (Fig. 10-35). Smaller containers may find greater use in the future 
as they hold amounts more suitable for small bakery, restaurant, or home use. 
The containers should not be filled completely before freezing. Expansion of 
the egg during freezing may break the container or push the hd off. 

Freezing eggs. Eggs should be frozen at 0° F. or lower. Forced circulation 
of air around the containers will reduce the freezing time about 50 per cent. 

Storage of frozen eggs. Frozen eggs will keep indefinitely. However, long 
storage is not advisable because of the cost involved. 

Defrosting frozen eggs. Eggs should be defrosted as quickly as possible 
and used soon afterwards in order to present growth of bacteria. Defrosting 
of cans of frozen eggs in a stream of running cold tap water is sartsfactorj' 
It requires 8 to 12 hours to defrost a 30- pound can by this method. 





Whole egg 

25.5 per cent 

500,000 

White 

11.5 per cent 

20,000 

Yolk 

43.0 per cent 

100,000 


Other factors considered in judging quality of frozen egg products are 
coliform bacterial count, texture, sediment, color, and odor. 

Uses of frozen egg products. Frozen whole eggs may be prepared the 
same as shell eggs unless individual eggs are required as in poaching- 
Frozen and shell egg equivalents are listed in Table 6, Appendix. Frozen 
egg yolk is used in baking (sponge cakes), baby foods, and mayonnaise 
production. Frozen egg white is used in baking (angel cakes) and in candy 
manufacture. 


Dried Egg ( Egg Solids ) Marketing 

The dried egg industry. Dried eggs keep better and require less space 
than shell eggs (Table 6, Appendix). Long distance shipment and lack o 
refrigeration favors the use of dried eggs. The egg drying industry was 
considerable importance in China about 1930. Dried egg products were im- 
ported to this country. During World War II, egg drying was increased in 
the United States as a means of supplying a highly nutritious and concen- 
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Fig. 10-36. Egg drying plonf. Spray drying and pan drying (right). 

t rated food for our field armed forces overseas. Since the war, egg drying has 
declined (Fig. 10-32). However, the development of prepared food mixes, 
such as cake mixes, has stimulated the drying of eggs for these products. 
Bakers and other users of frozen eggs would use dried eggs to a greater ex- 
tent, because of convenience, if they were less costly (Table 10-6). 

Egg drying. Liquid whole egg and yolk are generally dried by a vacuum 
spray process much like the drying of milk (Fig. 10-36). The egg is usu- 
ally pre-heated to about 140° F. in a plate heat exchanger, and forced under 
pressure through fine nozzles as a spray or mist into a large chamber contain- 
ing heated air (approximately 210° F. at intake and ISO® F. at exhaust). 
The mist is dried almost instantly and falls as a fine powder to the bottom of 
the chamber where it is removed. The dried egg may be blown through a 
second chamber where the moisture is further reduced. It is cooled and sifted 
to remove lumps and then packaged, preferably in air tight containers under 
partial vacuum with air being replaced by carbon dioxide and nitrogen. 

Glucose rcmoul from whole egg and white before drying improves the 
quality by reducing darkening and improving solubility of the powder. The 
glucose may be removed by fermentation in vats with glucose-oxidase and 
catalase enzymes, with ) east or with certain bacteria. 

Egg white may be dried in the same manner as whole egg or )olk or in 
shallow pans (Fig. 10-36). 
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Table JO-6 

QPKnKAI. PRICE OF SHELL. FROZEN, AND DRIED EGGS * 

Produtt 

Shell Eggs 

Large A per dozen 

Frozen Eggs 

Whole egg per pound. . 

White per pound 

Yolk per pound (salted) 

Whole shell egg equiv. 

(10.2 eggs = 1 pound). 

Dried Eggs 

Whole eeg per pound. . . . 

Yolk per pound 

White per pound 

Whole shell egg equiv. 

(36 eggs =* 1 pound). 

* New York wbolctale price*. 1958. U S DA. AA15. Statistical Bulletin 252. 1959. 

Frozen eggs may be defrosted and dried. Cans of frozen eggs are 
quently moved from breaking plants to a centrally located drying plant, de- 
frosted, de-sugared, and dried as the capacity of the dryer will permit, tgg 
drying plants are more costly to construct and operate than egg freezing 
plants. Consequently there are fewer of them in operation but they are 1 ° 
use a greater per cent of the time. 

Dried egg standards. The Quartermaster Corps of the armed forces buys 
dried whole eggs on the following specifications: 


Analysis 

Average, not more than 

Maximum 

Moisture 

2.3 per cent 

2.5 per cent 

Glucose content 

0 03 per cent 

0.05 per cent 

Standard plate count 

50,000 per gram 

75,000 per gram 

Coliforra count 

50 per gram 

100 per gram 

Y east and mold count 

20 per gram 

50 per grain 

pH 

Oxygen content 

Not less than 7, 

Not more than 2 per cent 

nor more jhan /-9 



Use of dried eggs. Dried eggs may be reconstituted and used fd £ 
scrambled eggs or in baking recipes much the same as shell eggs- Shell, 
frozen, and dried egg equivalents are summarized in Table 6, Appendix. 
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Chapter 11 


Marketing Poultry 


Market poultry - includes chickens, turkeys, and waterfowl. Chicken 
broilers are the chief source of income from poultry meat (Fig. 1-7). In 
1958 their sales amounted to $1 billion. Poultry meat production, especially 
chicken broilers and turkeys, has had a more rapid increase than the produc- 
tion of other farm animals (Fig. 1-6). Better breeding, feeding, managing, 
marketing, processing, and distributing have kept the price of poultry meat 
relatively stable while the cost of other foods has risen. The low price and 
high nutritional value of poultry meat has stimulated consumption. It will 
probably continue for some time ( Fig. 1-9 and Table 1-8) . 

Poultry Marketing Problems 

Many producers. Over 60 per cent of all farmers raise poultry and most 
of them have a surplus for sale. The number may vary from a few birds on 
general farms, to many thousand from specialized broiler, turkey, or water- 
fowl farms. 

Seasonal marketing. While the surplus of eggs is produced in the 
spring, that of poultry occurs in the fall, because old birds are sold to make 
room for pullets to be housed. Generally, turkeys are marketed in the fall. 
The fall crop of broilers marketed from broiler farms must compete with 
these general sources. 

Distance from market. There is a surplus of poultry meat produced in 
certain areas. A large surplus of broilers is produced in the states of Alabama, 
Arkansas, Delaware, and Maine (Fig. 11-1), and a surplus of turkeys in 
Arkansas, Iowa, Minnesota, Utah, and Virginia (Fig. 13-12). The surplus 
poultry has to be processed and moved to large consuming centers such as 
New York, Chicago, and Los Angeles. 

Perishability of product. Most poultry meat is marketed as fresh 
slaughtered, icc packed, or refrigerated-tray packed. The temperature must be 
kept below 40° F. to keep the product for a week. Most processing plants 
do not have sufficient refrigeration to freeze and hold poultry when there is 
a surplus and prices are low. It has to be sold regardless of market price. 

Marketing Live Poultry 

Demand for live poultry. Some }ears ago, most live poultry was shipped 
to consuming centers and the birds were sold individually to consumers. Some 
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of the buyers dressed their own birds while others employed the service o 
local dealers. The practice has declined because of sanitation problems U* 
cities, the high cost of labor, better transportation and refrigeration, ana the 
desire of consumers to buy food ready-to-cook or food already cooked. 

Jewish people, who formerly purchased live birds and had them slaugh 
tered by a representative of the rabbi known as a "schochet" are buying ice ' 
packed and frozen poultry. However, the Jewish holidays, especially the Pass- 
over in the spring and the Day of Atonement in the fall, create some deman 
for live poultry in the large city markets. 

Market classes of live poultry. Formerly, poultry producers and buyers 
from diverse localities, would often use different terminology when trading 
poultry. This led to confusion in buying and selling. The United States De- 
partment of Agriculture, with the cooperation of poultry producers, buyers, 
processors, and retailers, has since formulated a common terminology. Tb e 
United States market classes of live poultry are: 
a. Chickens 

1. Broilers and fryers: Young chickens of either sex (usually under six- 
teen weeks of age), tender-meated, with soft, pliable, smooth-textured 
skin, and flexible breastbone cartilage. 

2. Roasters: Young chickens of either sex (usually under eight months of 
age), tender-meated, with soft, pliable, smooth- textured skin. Breast- 
bone cartilage somewhat less flexible than in broilers and fryers. 

3. Capons: Unsexed male chickens (usually under ten months of age), 
tender-meated, with soft, pliable, smooth-textured skin. 
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4. Stags: Male chickens (usually under ten months of age) with some- 
what toughened and darkened flesh, coarse skin, and considerable 
hardening of the breastbone cartilage. Stags show a condition of 
fleshing and maturity intermediate between thar of roasters and cocks. 

5. Hens, stewing chickens, fowl: Mature female chickens (usually 
more than ten months old) with meat less tender than a roaster, and 
with a nonflexible breastbone. 

6. Cocks (old roosters): Mature male chickens with toughened and 
darkened meat, hardened breastbone, and coarse skin. 

b. Turkeys 

X. Fryers or roasters: Young turkeys of either sex (usually under sixteen 
weeks of age), tender-meated, with soft, pliable, smooth-texrured skin, 
and flexible breastbone cartilage. 

2. Young hen turkeys: Young female turkeys (usually under eight 
months of age), tender-meated, with soft, pliable, smooth-textured 
skin, and flexible breastbone cartilage. 

3. Young tom turkeys: Young male turkeys (usually under eight months 
of age), tender-meated, with soft, pliable, smooth- textured skin, and 
flexible breastbone cartilage. 

4. Hen turkeys: Mature female turkeys (usually over ten months of age), 
with toughened flesh and hardened breastbone. May have coarse or 
dry skin and patchy areas of surface fat. 

5. Tom turkeys: Mature male turkeys (usually over ten months of age), 
with toughened flesh, coarse skin, and hardened breastbone. 

C Ducks 

1. Broiler and fryer ducklings: Young ducklings of either sex (usually 
under eight weeks of age), tender-meated and with soft bills and wind- 
pipes. 

2. Roaster duckling: Young ducks of either sex (usually under sixteen 
weeks of age), tender-meated, and with bills not completely hardened 
and easily dented windpipes. 

3. Mature (old) ducks: Mature ducks of either sex (usually aver six 
months of age), with toughened flesh, hardened bills, and hardened 
windpipes. 

d. Geese 

1. Young geese: Young geese of either sex, tender-meated and with 
easily dented windpipes. 

2. Mature (old) geese: Mature geese of either sex, with toughened flesh 
and hardened windpipes. 

e. Guineas 

1. Young guineas: Young guineas of either sex, and tender-meated. 

2. Mature (old) guineas: hfature guineas of either sex, with somewhat 
toughened flcslu 

f. Pigeons 

1. Stjuabs: Young, immature pigeons of cither sex, extra tender-meated, 
that have not flown. 




Shanks Slightly scaly. 
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CONSUMPTION PER PERSON OF 
POULTRY MEAT AND EGGS 

POUNDS * - 
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fig. 11-2. Changes in consumption of poultry products 1940-58. 


2. Pigeons: Mature pigeons of either sex, with toughened flesh and coarse 
skin. 

Standards of quality (grades) of live poultry. Most live poultry has 
been sold by the pound with little attention paid to the quality. Poultry 
buyers, processors, retailers and consumers are becoming more quality minded. 
Consequently, buyers are beginning to pay more attention to the quality of the 
birds they buy. This is an advantage for both the producer and the consumer. 
Those who produce birds that are healthy, uniform in appearance, well feath- 
ered, meaty, and better finished deserve a premium price for their stock. 
Buying on the basis of quality is especially noticeable at live poultry auctions, 
such as those in operation in Maryland and Georgia. The factors considered 
in classifying live birds as A, B, or C quality are given in Tabic 1 1-1. 

Production of quality poultry'. Some years ago, many birds brought to 
market were those culled from the flock because they were poor producers, 
cither from disease or age. Today, byers arc not kept as long and are less 
likely to be diseased (Tabic 9-4), and a higher percentage of the total poul- 
try marketed arc broilers. Disease among broilers ( Table 9-3 ) is now kept at 
low level (Table *4-11). Healthy flocks are being raised through good breed- 
ing, feeding, and management practices; and as a result, the birds are more 
uniform in sue and finish when marketed. 

Fm ter, trig was formerly practiced before birds were slaughtered. Birds 
received from farms where they had not been properly fed, were placed in 







Fig. 11-3. Market channel* for poultry. 


batteries and fed a fattening feed one to two weeks before slaughter (p- 
278). During this period, the birds frequently gained 5 to 25 per cent iQ 
weight and the quality of meat was improved. Today, most poultry is feu 
properly on the farms and there is no need for a fattening period. 

Hormone injection (Fig. 6-16) or feeding (p. 177) may be used to 
improve the finish of young chickens or turkeys, which are not usually fat. 
Hormones do not improve growth rate or feed efficiency; therefore, unless a 
higher price may be received for a better finish (fat), it is doubtful if hor- 
monization is justified. 

Selling and buying live poultry. Market quotations, class of poultry, 
market quality (grade), size of shipment, distance from market or processing 
plant, marketing method (Fig. 11-3), and other factors influence the price 
paid or received for poultry. 

Market quotations. Market quotations are generally based on supply and 
demand (prices paid) in a large producing area. For example, in 1959 the 
North Georgia broiler market quotations had an influence on prices paid in 
other sections of the country, because the volume of broilers produced in the 
area was larger than elsewhere (Table 1-4). For comparison, Ohio broiler 
prices were generally y 2 to 1 cent per pound higher than the North Georgia 
prices, because broilers produced in Ohio were closer to large consuming areas. 
The extra price paid covered the increased trucking charge from Georgia 
to Ohio. 6 


The United States Department of Agriculture, in cooperation with state 
departments of agriculture, publishes daily market reports covering poultry 
and egg prices in the main producing areas. They are useful guides for both 
the sellers and buyers of live poultry. 

The class of poultry influences the price paid. For instance, the price paid 
for chicken roasters is considerably higher than that paid for old hens (Table 
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Table 11-2 


SEASONAL PRICES OF LIVE AND PROCESSED POULTRY. 
• NEW YORK CITY. 1958 

(Cents per pound) 


Species and Classes 

Jan. 

April 

July 

Oct. 

LIVE POULTRY* 

Chickens 





Broilers and Fryers 

24.47 

27.75 

26.21 

23.31 

Capcmettes (5 lbs. +). .. 

27.67 

32.44 

30.33 

27.82 

Fowl (hens) 

24.21 

29.63 

25.27 

18.44 

PROCESSED POULTRY ** 

Turkeys 1 

Heavy Breeds: 





hens 

43.50 

50.50 

43.50 

40.75 

toms 

34.50 

37.75 

38.75 

36.00 

Light Breeds (all) 

43.25 

47.25 

43.50 

40.25 

Fouls 1 (hens) 





3-3 H lbs. (Retail Pack) 

34.50 

38.75 

38.50 

33.00 

3-3 H lbs. (Cut-up Tray Pack) 

36.50 

41.25 

40.25 

35.50 

4-4H lbs. (Retail Pack) 

35.50 

40.50 

39.50 

34.00 

4— !}•£ lbs. (Cut-up Tray Pack) .. 

36.50 

41.75 

40.25 

33.50 

Caporuttes s 





4 lbs 

3S.00 

49.00 

38.00 

38.00 

5 lbs 

44 00 

53.50 

46.00 

42.00 

6 lbs 

45.00 

53.50 

4600 

42.00 

7 lbs 

45.00 

53.50 

46.00 

42.00 

Ducks 1 





under 5 lbs 

42.00 

43.25 

39.75 

41.75 

5 lbs. and over 

43.00 

44.25 

39.75 

43.00 

Geese 





6~S lbs 

33.00 

No 

No 

No 

10-12 lbs 

4S.00 

price 

price 

price 

12-16 lbs 

51.50 

reported 

reported 

reported 

Guineas 1 (young) 





M-2M lbs 

69.00 

69 00 

62.50 

62.50 

Squab * 





Graded 11 lbs. & up to dozen . . 

90.00 

95.00 

80 00 

75.00 

Graded under 11 lbs. to dozen . 

70 00 

75.00 

70.00 

70 00 

Rock Cornish Game Hens 1 





12-14 oz. each 

S5.00 

85.00 

85.00 

70.00 

16-lSoz. 

75 00 

75 00 

75.00 

7000 

2-2 H lbs 

51.50 

51.50 

51.30 

47.50 


• Dairy a.<f Poultry Main SututuJ 195S. 
*• fWwrr/ /'rui C«rtr«r. 


quality (grade) of poultry sold influences the price received per 
pound. Flocks of grade A birds may bring V? to 2 cents per pound more than 
flocks which ha\ e many grade B birds. 

The distance from the market or processing plant influences the price 
paid. Birds close to market generally bring Vi to 1 cent per pound more than 
those trucked more chan 100 miles. 







Fig 11-5. Bulk weighing ot truck loads of broilers. 

tliL Valu T e marketed ,nflu ences price. Buyers prefer to buy a truck-load 
(5,000 t° 6,000 broilers) at one stop rather than part of a load at several 
stops. They save time with fewer stops and the poultry is more uniform when 
less lots are imolved. 





MARKETING POULTRY 


391 



Fig. 11-d. Unloosing broiler* direct from truck to jloughtering line. 



nut HIKlVIMU IIHimtal IlitIM 

fig. 11-7. Coop moving device to vav* labor. Bird* may be watered and fed temporarily 
by attacking feeder* and waterert to the coop*. 


Transportation of live poultry. Coops, 3' long, 2' wide, and 1* high, made 
of slats or rods, are used for hauling live poultry (Fjg. 1 1—1) Higher coops 
arc used for turkejs and other Urge fo*.l. The number hauled per coop may 
vary from four or five large birds to 15 or 20 small broilers. 
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Trucks for hauling poultry usually have flat bottoms holding 200-300 coops 
for as many as 6,000 broilers (Fig. 11-5). Weighing the truck and empty 
coops before and after filling with poultry, saves labor and reduces the chance 
of error as contrasted to weighing many small lots. 

Catching and hauling at night requires less labor and helps to prevent 
shrinkage of birds (Fig. 11-4). During short hauls, birds may lose ^ to 1 per 
cent in live weight, but they may lose as much as 6 per cent in weight during 
hauls of more than 100 miles in hot weather. Unloading is usually directly 
from the truck to the slaughter line by movement of coops on a roller-con- 
veyor (Fig. 11-6). 

Holding birds in batteries or coops is sometimes necessary if there is an 
uneven flow of live birds to the processing plant. Birds hauled long distances 
are also fed and watered a day or so before slaughter to recover from shrink- 
age (Fig. 11-7). They bleed and pick better if they are not dehydrated. 

Processing Poultry 

The processing of poultry is the preparation of live poultry for the con- 
sumer. It includes slaughtering, evisceration, cooling, cutting-up, and packag- 
ing. The size of the business may vary from a single bird for home consump- 
tion, to 50,000 or more birds daily in the larger processing plants. 

Health regulations. Poultry sold in most cities must meet city health 
regulations for sanitary processing conditions, health or wholesomeness of the 
birds slaughtered, and storage of birds until marketed. Poultry sold in inter- 
state commerce must be inspected according to regulations formulated by the 
United States Department of Health, Education and Welfare; Food and 
Drug Administration; and administered by the United States Department of 
Agriculture, Agricultural Marketing Service. Inspection includes: plant 
sanitary requirements, ante mortem inspection, and post mortem inspection. 

Sanitary requirements include: (1) buildings and plant facilities, (2) 
equipment and utensils, and (3) maintenance of sanitary conditions and 
precautions against contamination of products. 

The building in which processing operations are conducted must be well 
ventilated and lighted, clean, and free of vermin, dust, flies, and other condi- 
tions that would contaminate food products. 

Water supply for the processing plant must be ample and potable. 

Chlorinated water, used at a level of 20 p.pm. of chlorine for rinsing of 
thoroughly washed equipment, helps to keep the bacterial count low in proc- 
essing poultry. Its use in the chilling tank at a level of 10 to 20 parts per 
million, also aids in prolonging the shelf life of poultry. 

The equipment must be thoroughly cleaned and sanitized after each day’s 
use. 

Refuse must be removed from the processing room frequently, stored in 
barrels in a separate screened storage room, and removed from the premises 
daily. 

Ante mortem inspection is a part of the inspection program. Flocks re- 
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Table ll-A 

POULTRY CONDEMNED IN PROCESS OF INSPECTION * 


Disease 

| CoNOtUVEO 

Whenever 
encountered ^ 

If systemic 
disturbance 

Only the 
affected 
*rea or part 

Tuberculosis 

X 



Lymphomatosis 

X 



Botulism 

X 



Emaciation 

X 



Ornithosis 

X 



Newcastle 


X 


Fowl typhoid 


X 


Infectious laryngetracheitis. . . 


X 


Infectious coryza 


X 


Chronic respirator}’ disease. . . . 


X 


Pullorum disease 


X 


Fowl pox 


X 


Coccidosis 


X 


Blackhead 


X 


Tumors, if localized 



X 

Parasiusm 1 



X 

Inflammatory processes . . 



X 


• Food and Drug Administration. 


ceived for slaughter are checked for general health before being placed on the 
processing line. During the early stages of some diseases, a more accurate 
examination is possible with live birds than after their slaughter. This is es- 
pecially true for outbreaks of ornithosis and fowl typhoid. 

Post mortem inspection is made at the time of evisceration, as soon as the 
birds’ entrails are exposed and before they are removed and the giblets re- 
claimed. The inspector examines both the external and internal surface of 
each carcass. He observes lungs, kidneys, air sacs, and visceral organs. The 
liver and spleen are also examined. 

Condemned poultry includes any carcass or part thereof found to be un- 
sound, unwholesome, or otherwise unfit for human consumption. (Table 
11-4). 


Poultry Processing Plant Design 

The designs of processing plants vary widely depending on type of 
building, size of enterprise and type of equipment used (Figs. 1 1-8 and 9). It 
is essential clue slaughtering, sodding, and pickmg be done in one or more 
rooms, separate from those used for eviscerating, cooling, and packaging. 
Otherwise, dust and odors from the slaughtering room may contaminate poul- 
try in the latter stages of processing. 

The inspector’s station is located near the front of the eviscerating line. 
He must examine the carcass and its parts as soon as it has been opened and 
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fig, 11—1 0. Bleeding of poultry is accom- 
plished by inserting a special knife through 
the mouth and severing the blood vessels as 
indicated. (Drawing by Noel Hall.) 



Fig. 11-11. Holding bird for slaughter by 
cutting the jugular vein. 


the parts exposed. If the carcass is to be condemned, it is removed from the 
line before further eviscerating and processing steps are taken. 

Slaughtering. Poultry is generally hung on shackles and slaughtered by 
bleeding (Fig. 11-6). The jugular vein (Fig. 11-10) is cut from the outside 
with a sharp knife (Fig. 11— 11 ), by holding the head between the thumb and 
forefinger with the left hand, and making a cut through the skin and jugular 
vein at the juncture of head and neck. 

Immobilization is sometimes carried out before birds are bled to reduce 
struggling. This may be done by passing the birds through a carbon dioxide 
chamber; by touching an electrically charged bleeding knife to its comb; or 
by injecting or feeding a tranquilizer. Immobilization is most useful for 

Table 11-5 


MOISTURE-VAPOR PROOF, TRANSPARENT, SHRINKABLE BAGS FOR 
KEADY-TO-COOK WHOLE CHICKENS, WATERFOWL AND TURKEYS 


\\ hole birii* \\ right 

Size of hi| 

Appro nan r Co, I per b>( 

1.5 - 2.5 lbs. 

V X 14' 

2-3 cents 

2.5 -4.5 lbs. 

S'X 15' 

2-3 

5-6 lbs. 

10’ X 16' 

3-1 

7-S lbs. 

12’ X IS' 

4—5 

9-12 lbs. 

12' X 20' 

7-3 

14-1S lbs. 

16' X 24' 

12-13 

22-30 lbs. 

20’ X 2$' 

14-15 








Fig, 11—12. Tcnlc used for scolding of poultry. 


slaughtering turkeys or other large birds which may struggle, causing broken 
bones or bruises. 

The time required for a bird to expire through bleeding varies from Iks 
than a minute for small birds to more than two minutes for large turkeys- 
Blood constitutes about 4 per cent of the live weight of poultry (Table ll-o/- 
A bird which has been poorly bled will have a pink or reddish appearance 
after feather removal Birds with fever (systemic disturbance) such as acute 
cholera or blackhead may not bleed well. These birds should be condemned 
before slaughter. 

Dry picking. Feathers may be removed through dry picking, in which 
process the bird is held against a machine that removes the feathers and col- 
lects them in a bag. However, the method is too slow for profitable opera tion- 
Its advantages are a neat carcass and easy reclamation of feathers for market- 
ing. 

Wet picking. The most widely used method to remove feathers from 
poultry is through wet picking. The process may be supplemented with wax 
picking. The birds are immersed in hot water and the feathers are removed 
by hand or mechanical pickers. Wet picking is faster than dry picking be- 
cause scalding loosens the feathers. However, if the feathers are to be re- 
covered and processed, the method is more costly; but the saving in labor 
more than compensates for the extra cost of drying feathers. 

Feathers account for 5 to 8 per cent of the live weight of poultry (Table 
H-6)- Females have more plumage than males, and waterfowl, more than 
chickens. 

Scalding is the immersion and agitation of the slaughtered birds for 30 to 
60 seconds in water with a temperature of 126°-180° F. Hot water 
reaches the base of feathers and loosens them by relaxing the muscles around 
the feather follicles. The birds should be scalded as soon as they are dead, or 
the feathers have a tendency to "set" making them difficult to remove, if 
scalding time is prolonged, the meat may also toughen. 

When scalding broilers, high temperatures are used for short periods, but 
for old buds, the temperature is usually higher and the time longer. The 
scalding time and temperature is usually the same for chickens and turkeys* 
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Table 11-6 


ESTIMATED YIELDS OF INEDIBLE PRODUCTS FROM POULTRY PROCESSING * 



Raw oftal j 

| Processed orrAt. 

Items 

Percentage of 
five weight 

Pounds per 

I COO broiler* 

Percentage of 
uncooked 
otfal weight ' 

Poundi 
per 100Q 
lb. bird* 


3.0 

105 




5.0 

175 




10.3 

S6S 




2.0 

70 




20.5 

718 




7.6 

266 




3.8 

133 




11.4 

399 




3.7 

150 




27.0 

194 




4.5 

32 




12.5 

15 




25.0 

100 





• Kahle and Cray. 

*• Picked up ia proctsting. 


but waterfowl require longer time and higher temperatures. Surfactants are 
sometimes added to the scalding tank to reduce surface tension of feathers 
and to aid water penetration to their base. The solution is especially useful 
for scalding waterfowl. 

Longer tanks are used ro increase the time of scalding. The shackled birds 
are moved up and through the tank (Fig. 11-12), or the conveyor line is 
operated at a slower race. Agitation of birds in the tank is completed by 
equipment which rolls them over, pushes them up or down, and forces streams 
of water against the carcass. 

Hard scalding of poultry is in water at 160-180° F. It facilitates 
feather removal but also removes the thin epidermal layer of the skin. Hard 
scalded birds darken quickly when exposed to the air. This method is fre- 
quently used for picking waterfowl. The shelf life (keeping time) of hard 
scalded poultry is not as long as birds scalded ar lower temperatures. 

Sub-scalding is the immersion of poultry in water at 1 38°— 140° F. for 
30 to 75 seconds. This scalding procedure removes part of the epidermal 
layer of the skin and darkens it unless the surface is kept moist. When this 
method is used, almost all of the feathers including pin feathers may be re- 
moved by mechanical pickers (Fig. 11-13). The appearance of skin surface 
is less important when poultry is cut-up or frozen. Since more poultry is being 
sold via this packaging, the sub-scalding method is gaining popularity. 

Semi-scalding of birds is in water at 123°-130° F. depending on age of 
the bird and length of immersion time. This method gives the carcass a 
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wholesome appearance, but 
requires additional hand la- 
bor to remove remaining 
feathers and pin feathers 
after use of the mechanical 
picker. 

Mechanical picking is used 
widely in the wet picking 
method (Fig. 11-13). The 
feathers are beaten off with 
rubber fingers attached on 
drums. The birds may be held 
against a picker, put into a 
centrifugal picker, or pulled 
through one or more double 
drum pickers while on the 
shackles. 

Wing stripping is gener- 
ally used in the picking line 
to remove large wing feath- 
ers and main tail feathers. 
The wing or tail feathers arc 
held against two rollers and 
pulled through, as wet cloth- 
ing is pulled between rollers 
to remove the water. 

Pinning is done by hand 
after the birds have passed 
through the last mechanical 
picker, in order to remove 
any feathers that have been 
missed. 

Singeing follows the final 
pinning operation in order to 
remove the hairlike feathers 
found on some birds, espe- 
cially old ones. A gas fiamc 
envelops the birds momentar- 
ily as they are singed on the 
shackle line. In small opera- 
tions, they arc hand singed 
(Fig. 11-15). 

Wax picking. After scald- 
ing and preliminary picking 
on a mechanical picker, birds 
arc sometimes dipped in 



Fig. 11-14. Some poultry processing tools. 1. Stick- 
ing knives. 2. Boning and carcass splitting knives. 
3. Shears for removing head and feet. 4. Pinning 
tools. 5. Lung or kidney remover. 



fig. 11-13. Singeing bird with a hand singer. 
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" melted wax (about 130 ® F.). 

' The dip is allowed to solidify 
- , • on the bird, and the coating 

// % ' '■ - is removed by hand or by a 

./ J £ K\ \ mechanical picker. The wax 

I 'VVj. , \ / - i V removes small feathers, pin 

I \ W'- . 4 V \ \W <, \ feathers, and hairlike feath- 

I j' - *' — 1 ers when it is peeled off, leav- 

| ing a carcass of wholesome 

I ^ 2 1 ! appearance and eliminating 

1 j the singeing process. Th £ 

Fifl. 11-16. whole eviscerated and trussed bird., wax becomes contaminated, 
i. Grade a, 2. Grade b, 3. Grade c. and it must be sterilized ana 

the sediment removed tx* 
tween each use. It may be 
re-daimed by melting an 
filtering out feathers. Wax 
picking is used most fre- 
quently for waterfowl, be- 
cause it removes down feath- 
ers, but it is too slow an 
costly for removal of chicken 
and turkey feathers. 

Evisceration is the l£ ‘ 
moval of the head, feet, o 
gland, and viscera, with re- 
covery of the heart, liver, an 
gizzard. The procedure tt&J 
vary, particularly in sm 
operations, depending 
whether the carcass is to be 
sold whole (Fig. 11 - 16 ), 
halves, quarters (Fig- * 
17), or cut-up (Fig. 11-18)- 
The crop, gullet, and tra- 
chea are loosened by a longi- 
tudinal cur in the neck skin 
and pulled loose with the fin* 
gets. The oil ( preen ) 8^ n 
Fig. 11-17. Broiler and fryeri prepared for cooking. at the base of the tall IS I e ' 

moved by a "scooped-out 
cut through the skin. The large intestine is loosened by a cut around the anal 
opening. The head is cut off at its juncture with the neck. The neck skin is 
slit down the back, and after removal of the crop, gullet, and trachea, it is 
severed at its junction with the body and kept as an edible part of the carcass. 
The feet are cut off at the hock joint. 

Broilers to be sold as halves or quarters may be split down the back and 
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the sides, then pulled apart for exposure of viscera and their removal. Birds 
to be sold whole will be cut around the anal opening with the cut extended 
along the abdominal wall toward the rear of the keel to permit insertion of 
the hand for removal of viscera, or a horizontal cut will be made at the rear of 
the keel. Fowl which are to be cut-up may have the legs, wings, and neck cut 
off. The bird is cut along each side from the rear of the keel to the sternum 
and the breast pushed forward to expose the viscera. 

The lungs are removed by hand, a scraper, or a vacuum. The kidneys may 
or may not be removed. The giblets (heart, liver, and gizzard) are recovered. 
The gall bladder is removed from the liver, with care to avoid puncture, and 
it is discarded. The gizzard is opened, the contents are washed out, and the lin* 
ing is removed. The heart is freed of blood and adhering blood vessels. Gib* 
lets make up 4.5 to 13 per cent of the ready-to-cook weight of different species 
(Table 8-Appendix). 

Evisceration loss, including blood and feathers from live bird to the 
dressed product, varies from 20 per cent in large turkeys to 35 per cent in 
small broilers (Table 7-Appendix). To determine equivalent values of live 
and ready-for-the-oven poultry, exclusive of processing and packaging 
charges, subtract the per cent of shrinkage from 100 per cent. The sum will be 
the edible percentage. Divide the live price per pound by the edible percent- 
age and the result will be the equivalent market price. For example, what is 
the ready-for-the-oven value per pound when the live bird price is 20 cenrs 
per pound and the shrinkage 25 per cent, no charge being made for process- 
ing and packaging? 100 minus 25 equals 75 per cent and 20 divided by 75 
equals 26.6 cents. The processing and packaging costs amount to about 7 or 
8 cents per pound (Chapter 12) . 

Post mortem inspection, if done, is made during evisceration, as soon as the 
viscera are exposed. The viscera may be left attached to the bird as ir is sus- 
pended from the shackle, or the viscera may be loosened and held beneath 
the bird in a pan until the examination is completed (Fig. 11-19). 

The speed with which birds may be examined in line operations varies 
from about 300 to 1,500 per hour, depending upon their age and condition. 
Line operations at the point of inspection may be slowed down if the birds 
are routed on two or more lines from the point of viscera exposure and ex- 
amination by an inspector. 

Cooling. Poultry which has been cooled or frozen before evisceration 
may be damaged by unpleasant visceral odors and bile staining. Immediate 
evisceration after slaughtering eliminates this effect. In addition, birds which 
arc cooled quickly after slaughtering and evisceration retain their fresh com- 
position longer and cool more rapidly than birds cooled before evisceration. 

Air cooling with a blast of cold air in a chill room is satisfactory, but causes 
a loss in w eight and a darkening of the carcass. 

Icc'uatcr cooling in ranks is a common method (Fig. 11-20). The birds 
may gain as much as 3 to S per cent in weight during the first six to eight 
hours and more slowly after that. The cooling should be lower than 40° F. 
at all times. Birds should be cooled to an internal temperature of 40° F. or 
less within 24 hours. The slush ice water should be changed if birds are to 
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r.A' 

Ui 

~-ci 


m;v 


n ' : remain in the tank looget 

. than 24 hours. Circulation of 

^ ice water in the cooling tank 

^ is h Y means of a pump or 

’J U>i ~ f r bubbling air which shortens 

^ f ‘ 'V 6 r the cooling time. 

^ \ r j , • W V '- /\ Antibiotic uie in the cool* 

X in s tanks P roIon fi s ^ 

,*• %3 > m >i a " — ' life of poultry processed un- 

■ ’ r \ t '% m, rf/T\ ^ der sanitary conditions ana 

J 4 > if J!l' Ui. ' held at low temperatures. 

^ Jij i Broad spectrum antibiotics 

• . - r-— v such as chlortetracydine or 

oxytetracycline are most sat- 
-J-V isfactory for this purpose 

Vi- .A They are used at levels of 5 

• to 15 p.pan. in the chill tanks. 

II ; Grading poultry. Factors 

j — -..I. \ ». ■ considered in grading ready* 

Fig. 11-18. Cut-up poultry. 1 and 2 wingt. 3 and 4 for-the-OVen poultry ‘ nC A. 

legt and thighs. 5 and 6 breast. 7 and 8 back. 9 giz* Conformation (Fig. U- lu /‘ 

xard. 10 heart. 11 liver. 12 neck. fleshing, pin feathers, cuts 

and tears, discolorations, and 
freezer burn (Fig. 11-22). The standards of quality used in formulating the 
three grades of poultry are summarized in Table 11-3. 

Freezer burn is shown by dehydrated fcreas on the skin (Fig. 11- 22)- * l 
develops on unpackaged or poorly packaged birds held in cold storage longer 
than two or three weeks. 




Fig. 11-18. Cut-up poultry. 1 and 2 wingt. 3 and 4 
legs and thighs. 5 and 6 breast. 7 and 8 back. 9 giz* 
zard. 10 heart. 11 liver. 12 neck. 


Cut-up poultry. Cut-up poultry is increasing in popularity. The carcass 
may be halved, quartered, or cut into parts. Frozen turkeys are sometimes cut 
into steaks. Purchasers may purchase the parts they prefer. The percentage 
distribution for parts of poultry species is given in Table 8, Appendix. 

The inexpensive parts (necks, backs, and wings) are often the best buys 
when purchasing chicken or turkey parts (Fig. 11-26). It may appear that 
these parts have considerable bone waste, but avian bones are light, and on 3 
weight basis constitute only 15 to 20 per cent of the dressed carcass weight- 
Packing poultry: Poultry is packaged for convenience in handling, p r °" 
tection from dust and dirt, and for reduction in moisture loss and preserva* 
tion of quality. The giblets, especially the liver, are usually wrapped and in* 
serted in the body cavity of whole bird carcasses. The neck is also inserted 
into the body cavity. 

Ice pocking is generally used for wholesale transportation of chilled poul* 
try. From 25 to 50 eviscerated broilers are packed in paper-lined, wire-bound 
wooden boxes with layers of crushed ice between the birds. Ice-packed poul- 
uy is held in refrigerators and transported to markets in refrigerated trucks. 
l ray or box packaging of cut-up poultry or poultry parts is frequently effl* 
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ployed (Fig. 11-25). In tray 
packing, the tray and parts 
are covered with transparent 
cellophane for short-time, 
nonfrozen display in refriger- 
ator cases. Aluminum foil, 
cellophane, laminated paper, 
wax paper, and butcher 
paper are used for packaging 
poultry. 

Surface coatings applied as 
a dip or spray show promise 
of preventing dehydration 
and loss of color, extending 
the keeping time since they 
fit skin-tighr over the entire 
surface, and holding out 
moisture and air. A polysaccharide made from seaweed is edible as a surface 
coating material. 

/Moisture- vapor proof , shrinkable, transparent bags are used for packaging 
roasting chickens, waterfowl and turkeys, especially when they are to be held 
in cold storage longer than a month. The carcass is inserted in the bag with the 
wings pressed tightly against the body (Fig. 11-23), and with the legs held 
together by forcing them through an opening made around the vent (Fig. 
11-24), or by tying them to the tail bone. Pan of the air is drawn out by 
means of a vacuum tube, and the package is then twisted for sealing and is 
fastened with a band or dip. The bag is dipped for a second in water near the 
boiling point for shrinkage and to make ir stick skin-tight to the carcass. Bag 
sizes and prices for different weight chickens and turkeys are given in Table 
£ £-5. Since bags are thin and frozen carcasses have sharp wing ops and hock 
joints, it is advisable to provide protection against puncture by further pack- 
aging in wire-bound boxes or cartons. 

Preservation of Poultry Meat 

Poultry meat is a highly perishable product. It keeps for only two or three 
days in household refrigerators (45® F ). Poultry meat which is to be held 
longer, should be kept near freezing, and if held more than a week, it should 
be preserved by freezing, canning, pre-cooked -frozen, or possibly by irra- 
diation. 

Freezing poultry. Poultry may be preserved by freezing at —20° to 
w .—40° F. The lower the temperature, the whiter the appearance of the car- 
cass and the less danger of bone darkening in young poultry. During the 
freezing process, the air should be allowed to circulate around each package. 
Blast air freezing reduces the freezing time and increases the freezing ca- 
pacity of the freezer. 




MOISTURE ABSORBED, % OF INITIAL EVISC. WT. 



IMMERSION TIME, HOURS 

linn AND BOOKS 

fig. 11-21. Water absorption of eviscerated poultry during Immersion cooling in ice water. 



fig. U-22. Turkeys showing various degrees of freezer burn during 20 months storage ot 
O' F.i 

1. Unwrapped. Much dehydration. 

2. Wrapped in butcher paper. Much dehydration. 

3. Wrapped In 2 mil. polyethylene. Slight dehydration. 





Fig. 11-23. Rooiter in moiiture- 
vopor proof bog. 


Fig. 11-23. taxes for cut-vp poultry. 


Poultry should be held six hours or longer between the time of slaughter- 
ing and freezing to avoid toughness. The frozen bird should be defrosted be- 
fore cooking or it will be tough. Immersion freezing of birds in a brine, gl)' col > 
or acetone solution also shortens the freezing time. A leak-proof package a 
necessary for immersion freezing. 

Frozen storage time of poultry may be as long as a year for chickens or six 
months for turkeys, ducks and geese, without the development of rancidity 
if they are packaged to keep out air. 

Canning poultry. Poultry may be preserved by canning. The temperature 
and time used in canning to insure preservation destroys much of the chicken 
flavor. The pieces or eviscerated carcasses are placed in jars or cans; the lids 
are left loose; and the containers are heated in pressure cookers at about 10 
pounds pressure (240° F.) for 55 minutes with pint (No. 2) containers, 
75 minutes for quart (No. 3) containers, and longer for larger containers. 
The lids should be tightened as soon as removed from the cooker; canned 
poultry should be stored in a cool place. 

Pre-cooked frozen poultry. Some poultry is cooked and frozen and then 
heated just before use. The original cooking temperature and time need not 
be as great for pre-cooked poultry which is to be frozen. The cooking o“ e 
before use of pre-cooked poultry is considerably shorter than for poulu? 
which has not been cooked and frozen. 
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Fig. 11-26. Number of pounds of cut-up port* of poultry required to produce l ib. cooked, 
edible chicken meat. 


Irradiarion of poultry. Gamma or beta ray irradiation may be used to 
sterilize poultry meat in nonmetal containers so that it will keep without 
canning or freezing. The rays penetrate the package and meat killing micro- 
organisms without much change in the properties of the product. The process 
is too costly for general use at the present time. 

Dehydration. Poultry and other meats may be dehydrated for preserva- 
tion in much the same way as apples and other food products. The process is 
costly and does not give a palatable product. It may find use in milirary field 
or outer-space rations where bulk and weight are factors. 

Smoking poultry. Ready- to-cook whole birds are impregnated with a 
curing solution by puncturing the skin at spots on the wings, breast, and 
thighs; and then soaking the birds for one to three dap at 40° F. in a curing 
or pickling solution similar to that used for curing hams. A satisfactory mix- 
ture consists of 75 pounds salt, 20 pounds of sugar, 12.5 pounds of commer- 
cial curing mixture, and 50 gallons of water. After soaking, the birds are re- 
moved, wiped dry, and smoked for six hours at 160° F. with hickory-oak 
sawdust or green apple wood. The birds should be aged for a week at 40- 
45° F. before use. 

During the smoking process, the white meat becomes pinkish and the 
dark meat becomes red. Smoking adds flavor and prolongs keeping time; how- 
ever, it docs not afford complete preservation and it is not a substitute for 
cooking. Smoked poultry should be soaked over night to remove some of the 
curing brine and then roasted in the usual manner. 

Determining Quality of Poultry Meat 

Visual estimation of quality has been summarized in Table 11-3. Tender- 
ness, juiciness, flavor, bacteria and mold surface counts, free ammonia, and 
iodine number, arc additional measures of poultry meat quality. 
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Tenderness sampling may be made by a taste panel chewing test. At the 
same time, the panel may rate the samples for juiciness and flavor. This is 
known as subjective measurement of quality. Tenderness may also be meas 
ured by a shear press or penetrometer. 

Jutciness may be estimated by a taste panel in which two or more samp es 
are compared with a control. It may also be measured by use of the carver 
press, which actually presses out fluid from a known weight of sample. 

Flavor is measured by a taste panel at the present time. However, chemi- 
cal measures of flavor (volatile compounds and minerals) are being e * 


veloped. _ _ , 

Bacteria and mold surface counts measure the sanitary conditions under 
which poultry is processed. Analyses may be made by washing a given surface 
(usually 1 sq. cm.) with a swab or by washing a given weight piece or car- 
cass with a given amount of sterile saline and analyzing the swab or was 
water for bacteria and mold counts. Samples containing 10 million bacteria 
per gram of weight or sq. cm. of surface, are spoiled or very near the spoilage 


stage. 

Free ammonia determination gives a measure of protein tissue breakdown. 
Poultry meat samples will usually develop an "off” odor before there is any 
noticeable increase in free ammonia. 

Iodine number is used as a measure of fat breakdown. This results in an 
increased number of unsaturated bonds and an increased iodine fixation 
(iodine number) . 

Peroxide content of fat may be used as a measure of its stability. 


Uses of Poultry Meat 

General uses. Poultry meat may be fried, roasted, barbecued, stewed, or 
broiled. It may also be used in sandwiches, salads, and soups. 

Poultry specialty products. Poultry meat is used in chicken and turkey 
pies, in sausages, chicken sticks, creamed chicken, chicken a la king, Chicken 
chop suey, soups, and broths. The meat is usually obtained from the less de- 
sirable pieces such as necks, wings, backs, and the carcasses after the birds 
have been de-boned for chicken or turkey rolls. 

Space does not permit a listing of the recipes for making chicken and 
other products from poultry meat. Recipes may be found in household cook 
books or obtained from the Poultry and Egg National Board, Chicago, Illi- 
nois. 

Chtcken and turkey frozen pies and dinners have become important 
specialty items in recent years. 

Turkey and chicken sandwich rolls arc made from de-boned poultry. The 
neck, back, wings, and bony carcass remaining after de-boning may be used 
for making soup and other items if diced or shredded poultry meal is to be 
used. r J 

Barbecued chicken. This special method of preparing chicken has be- 
come popular in recent years. The chicken is usually cooked over an open 
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Fig. 11-27. Barbecuing chicken at the Ohio State Fair. 

charcoal pit and kept from drying out or burning by frequent spraying and 
basting with a barbeque sauce. Halves of chickens weighing 2.0 to 2.5 
pounds are the most suitable for barbecuing. The time required to cook birds 
of this weight thoroughly by the pit method, is 45 minutes to an hour, with 
turning every five minutes. 

Barbecue sauce is composed of various ingredients, depending on indi- 
vidual taste. The essential ingredients for five chickens (serving ten people) 
are: Vz pint water, 1 pint vinegar, Vi pound butter or V5 pint cooking oil. 
Additional flavoring may be added. Details for barbecuing chicken, sug- 
gested menus, quantities needed, barbecue sauce recipes, and other informa- 
tion may be obtained from the poultry departments of most land grant colleges 
and from the Poultry and Egg National Board. 

Future uses of poultry meat. The future use of poultry meat will de- 
pend on its price in comparison with competitive meats such as beef and pork. 
(Table 10, Appendix). 

Research is needed to find new uses and ways of serving poultry meats. 
They are highly digestible, low in cholesterol, and have a good distribution of 
vitamins and amino acids. 

Eduction is needed on the purchase of quality poultry (Fig. H-26), 
and ways of cooking, holding, and serving. 

/lit cr rising of poultry meats is necessary so that it may compete with 
other meat products. 
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The Poultry and Egg National Board, the National Broiler Council, and 
the National Turkey Federation are sponsoring research, supplying educa- 
tional material, and doing a modest amount of advertising poultry meats. 

Inedible Poultry By-Products 

The blood, feathers, viscera, head, and feet are generally disposed of as 
inedible by-products. They constitute from 20 to 35 per cent live weight of 
the birds. There is usually little or no income from these products. The 
feathers are generally scattered on land as fertilizer. The blood is washed 
down the drain and the offal hauled to swine farms. Larger processing plants 
find that it pays to process the materials for animal feeding purposes. 

Feathers, especially the down from waterfowl, make excellent insulation. 
They are used in aviator garments, insulation board, fiber for cloth production 
feather dusters, and ornaments. 

Feather meal, a rich protein feed (Table 1, Appendix) , is made by cooking 
feathers under pressure, then drying and grinding them to powder. Feather 
meal may replace as much as five pounds of other animal protein feeds per 
100 pounds of ration without lowering its value. 

Poultry offal. The head, feet, intestinal tract, and lungs are the offal- 
They are usually recovered in processing plants and stored in metal barrels. In 
the larger processing plants, the offal is usually sold to rendering plants for 
about $0.75 to $1.50 per barrel. It may be cooked, dried, ground, and used as 
an ingredient in pet foods. Or, it may be combined with offal from cattle and 
swine and made into tankage or meat scrap. 
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Chapter 12 


Poultry Farm Management 


Poultry FARM management is the application of principles and 
practices for the economical production and marketing of poultry products 
(Table 12-1). The economics of poultry production and marketing include 
investment, expenses, and income. The profit for one’s labor in production is 
sometimes referred to as labor income. 

The Poultry Outlook 

A study of demands for poultry products, trends in production, and the 
market situation, is useful for expanding or curtailing poultry production or 
marketing activities. 

Demand for products. The demand for poultry products promises to 
continue at a favorable rate (Chapter 1). Poultry meat and eggs are highly 
nutritious and relatively cheap food products (Table 12-1 ). 

Production trends. The trends in poultry production should be followed 
closely and analyzed for possible future influence in one's business. The 
present trends include area production (Table 1-4) and (Fig. 12-1); spe- 
cialization of broilers or replacement pullet production; year-round rather 
than seasonal production; increased size of enterprises and use of labor saving 
equipment. 

The market outlook. Market information is useful in planning the de- 
velopment of a poultry enterprise or expansion or curtailment of one already 
established. It is seldom advisable to halt operation of an enterprise until 
better prices arc in prospect. The investment interest, taxes, depreciation, and 
other fixed costs continue whether the facilities arc in use or not. It is diffi- 
cult to predict accurately when prices will be more favorable. 

Indicators of future markets include: (1) Industrial employment. There 
is a dose relationship between employment and farm prices. Wage earners 
constitute a majority of the consumers. (2) Production of competitive prod- 
ucts. As an example, a surplus of hogs will send the price of pork down and 
keep the price of poultry meat low. (3) Chick and poult placement reports. 
These indicate the broiler supply eight to ten weeks later and the turkey sup- 
ply four to six months later. (4) Cold storage holdings. Seasonal production 
and surplus cold storage holdings of poultry meat and eggs are not as great as 
they were; however, a large cold storage holding of turkeys will hold down 
the price of freshly slaughtered turkeys. (5) Egg-feed ratio. Half of the total 
<13 



Table 12-1 

CONSUMPTION— rRICD SUMMARY 1937-1958 (u. 
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Fig. 12-1. Percenlogn diitribution by slates of the layers on farms (top figures for 1959 and 
bottom figures for 1951). 


cost to produce eggs is for feed. When feed grains are high and egg prices are 
low, the profit in egg production is slight. When the reverse is true, there is a 
greater profit in egg production. The relationship between egg price and feed 
cost is the egg-feed ratio ( Fig. 12-2 ) . 


Location of the Poultry Enterprise 

In the establishment of a poultry enterprise, the markets, land, and trans- 
portation should be considered. 

Nearness to market. Nearness to market insures a better price for the 
product. However, this factor must be balanced against the higher cost of 
land and labor. 

Land. Land requirements for poultry enterprises have decreased with 
the trend toward confinement production of poultry (Fig. 12-3). Considera- 
tion should be given to the location of the poultry houses with respect to 
other buildings, access to roads, space for future expansion, and landscaping. 
Sufficient distance should be provided from dwellings or business establish- 
ments to avoid possible complaints from odors, noises, etc. 

Transportation. Cost of transportation of feed and other supplies to the 
farm as well as eggs and poultry meat to market should be considered u hen 
establishing a poultry enterprise. 

Utilities. The modern poultry farm should ha\e access to water, elec- 
tricity, and an economical source of fuel 
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Fig. 12-2. Relation of the Egg-Feed Ratio to the Number of Chicken* Railed in the U B!,e,, 
State*, 1939-58. 


Poultry Enterprise Investment 

The poultry enterprise investment will vary with the type of business, th< 
location and size, and the quality and amount of facilities provided. 

Type of business. Table 12—2 gives the comparative investment for fo 111 
poultry enterprises. Poultrymen sometimes fail to include overhead whe* 
calculating the cost of production. In the calculation shown, the overbea* 
amounts to about 14 per cent of the total cost of commercial egg production 

Size of Enterprise 

As the poultry enterprise increases in size, the total cost per layer, broiler, 
or chick declines. 

Facilities provided. The cost of facilities for poultry production will vary 
from about one to ten dollars per bird depending on use of building, type ™ 
construction, floor, insulation, ventilation, heat supply, feeding and watering 
equipment, and pit cleaner (Tables 7-9 and 12-3 ) . 

Peed Cost 

The greatest cost item for poultry production is feed, ranging from slightly 
more than 50 per cent for breeding stock to nearly 70 per cent for broiler 
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AltO* tCtlt fJ«« INC.. CKOVWCCAN, ■ C. *«A*CH 

Fig. 12-3. A well planned poultry breeding farm. 


production. The composition of the ration (Table 12-4), quantity purchased, 
and deliver)' and storage influences Iced cost (Table 12-5). For example, 
the difference in price per single bag and bulk delivery is $10.00 per ton. 
Feed cost alone may account for profit or loss in the poultry industry. 

Table 12-2 

POULTRY INVESTMENT AND COSTS FOR FOUR TYPES 
OF PRODUCTION ENTERPRISES * 
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Table 12-3 

COMPARISON OF AVERAGE WITH HIGH AND LOW LABOR INCOME FLOCKS 


Jin- 1 to Dec. 31 Record 


Avenge »tze ol Sock 

Avenge egg. per hen 

Percent nom.ity 

Flock mveitizeat (btrav, hout.cg). . . 

j. |ncettfr.er.i per ben 

Giost Seek income 

L Grou income per bea . . . 

Tout flock eipeatc 

a. Expense per Ken 

Pounds ol feed per hen 

s- Pounds of feed per dozen eggs . . 
Average poce received per dozen. . 


eragecc 




Feed cost per ben 
Flock profit and ii 

a. Labor and interest per nea 

lotemt charge at 6 per cent 

Net income escept labor 

a. Net income per ben . . 

b. Net iccome per hour 

c. Hours per ben 

Source of receipts per bea. 

a. Market eggs 

b. Market poultry 

c. Hatching eggs or breedicg stock 

Average cost of riuon per 100 pounds 

Return per 100 poueds of feed used 

Cost ol mature pullet replacement (per dozen eggs) . 


A of20 e 

Flock. 


$2,052 45 
S 4.57 
S1.800J8 


5-High- 

Labor I ncomc 
flock. 


$1,671.85 
S 3.17 
976 


J-L>w- 
Libor Incase 
Flocks 


353 
157 
14J0 
$2^CL50 
S 629 
SU71176 
S 3 19 
SUISW 
S 3-0j 
102.0 
61 
t -30 
S -31 

S IS8 
S 55.36 
S .H 
S 150.14 
-S 94-73 


•Whitfield. Iowa. 1958. 


Kind of ration. The value of rations should be measured by net income 
and not by cost per ton of feed. High energy rauons cost more per ton than 
the bulky, low energy rauons, but do not require as many pounds to produce 
a pound of poultry meat or a dozen eggs (Table 8-12 ) . 

Commercial feed companies are seeking to provide more economical m- 
tions, because their feeds must produce results as good or better than their 
competitors. 

Large poultry enterprises may save feed costs by varying the radons with 
the age, sex, and purpose for which fed. For example, as chickens grow older, 
their energy requirements increase. Expensive proteins and vitamins may he 
reduced and the less expensive energy grains increased in the radons (Table 
12—4) . Additional savings can be made by feeding a growing ration to broil- 
ers after six weeks until marketed, instead of continuing them on a starter 
ration. Restricted feeding of heavy breed layers or feeding heavy and light 
breeds a diderent type ration, is another example of how feed expenses may 
be reduced. Other possibilities are feeding different radons to males and fe* 
males grow n to broiler market age and feeding turkeys three rations— starter, 
grower and finisher— instead of two rations as is frequently done. 

Bulk delivery. The cost of bags and the labor of handling feed is 
averted through bulk delivery and storage (Fig. 6-4). The saving in feed 
cost generally amounts to about $3 00 per ton when purchased in four ton or 
largcramounts (Table 12-5). There is less ssasuge and diving out of feed 
buk dchvoy and storage. The storage bins do not take up valuable bird 


Table 12-4 

SEASONAL POULTRY FEED PRICES 1 



Jan. 

Apr. 

July 

Oct. 

Slurring and Growing Feed] 





Start and Grow Mash 

$3.90 

$4.07 

$4.25 

$4.03 

Start and Grow Mash/Bifuran 

4.02 

4.19 

4.37 

4.15 

Growing Mash 

3.S0 

3.67 

3.85 

3.63 

All-mash Developer 

3.75 

3.57 

3.75 

3.53 

Laying and Breeding Feeds 





All-mash Layer Ration 

3.62 

3.52 

3.77 

3.57 

Super Breeding Ration 

3.95 

4.24 

4.40 

4.14 

Broiler Feeds 





Broiler Maker w/Ntcarb./3-Xitro 

4.11 

4.20 

4.42 

4.22 

Broiler Maker w/Nic./Nit./Antib 

4.35* 

4.60 

4.61 

4.39 

Broiler Maker Finisher 

3.85 

3.91 

4.13 

3.98 

Turkey Feeds 





Turkey Pre-Starter 

5.15 

5.34 

5.53 

5.28 

Turkey Starting Mash 3N 

4.43* 

4.64 

4.82 

4.56 

Turkey Starting Mash/SQ3N 

4.58* 

4.79 

4.97 

4.71 

Turkey Developer 3N 

3.92* 

4.07 

4.29 

3.93 

Turkey Developer w/SQ3N 

4.07* 

4.22 

4.44 

4.13 

Turkey Finisher 

3.76 

3.78 

4.06 

3.85 

Turkey Breeder all-mash 

3.96* 

4.19 

4.34 

4.14 

Turkey Breeder all-mash w/Histostat 

4.03 

4.31 

4.46 

4.26 

Scratch Feedj 





Cracked Corn (coarse) 

2.88 

3.02 

3.26 

3.11 

Feed Ingredients 





Soybean Oil Meal (44%) 

3.00 

3.66 

4.09 

3.70 

Meat Scraps (50%) 

3.93 

5.00 

6.03 

5.30 


* Farm Bureau Cooperative A«*ociatioa. Colurabu*. Ohio. 
IW./ct K.Q.H . SpnngficlJ. Ohw. Mill. 1953. 

* Available only at Reading Plant. 

* IXjet not contain J-Nitro. 


Table 12-5 


INFLUENCE OF VOLUME AND BULK HANDLING ON FEED COST* 


OntiavartoKi 

Au-iiua Karv>s* 

Ch«k Starter | 

Ihilltt (jrouer i 

Laying Maih 

Price per 100 lb. bag 

$4.30 i 

$3 92 

$3 S7 

Price per bag with return of bags (less 2%) 

4 io ; 

3 72 j 

3 67 

Bulk delix cry (5 ton lots) . . 

3S5 

3 47 | 

342 

Bulk dcih cry (10 ton lets) 

3.50 | 

3.42 | 

3 37 


Taj lor. I Vi?. 
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housing space and the feed is protected from rats. Bulk delivery and storage 
eliminates the physical strain of handling sacks of feed. 

Labor Saving Practices 

The second largest cost factor in poultry production is for labor (Table 
12 - 6 ). It may be reduced by the use of mechanical equipment (Ta- 
ble 12-7). 

Automatic watering. Water should be piped to the poultry house, kept 
available at all times, with the amount regulated by drip or float valves (Fig. 
6-3). The drinking vessels should be of such construction thar they may be 
easily cleaned. Daily cleaning is advisable for some installations. A potable 
water supply for poultry is one of the best investments that can be made for 
the poultry enterprise. 

Automatic feeding. The use of automatic feeders saves labor in feeding 
chickens and turkeys of all ages (Fig. 6-3). They are not economical for 
producers with less than about 1,000 layers. Feeding from a push-feed-cart or 
overhead conveyor saves labor and time, as does feeding from a bin rather 
than from sacks. 


Table 12-6 

EGG PRODUCTION COSTS AND INCOME ON A HYPOTHETICAL 5000 BIRD FARSI 
PER YEAR * 


Expenses 

Feed, 273 tons, © $75 per ton 

Chicks, 4400 @ 36^ per pullet chick 
Labor 5000 hrs. @ $1.75 per hr. 

40CO hr. family © 1.75 per hr. 

1000 hr. hired © 1.00 per hr. to 
clean and pack eggs. 

Miscellaneous — repairs, taxes, vaccines 
Depreciation ... 

Interest on investment @ 5% 

Total expenses 

Income 

Culls, 4000 (80% cull rate) © 50(i . 

Manure 

Changes in stock inventory 
($11,500 at beginning of year and $12,000 at end) 

0-2 mo. of age Value 

2—1 mo. of age Value 

4-5 H mo of age Value 

SM t*> 18 mo. of age Value 
Over 18 mo. of age Value 

Income other than for eggs 
Net cost 

Egg income 240 eggs (20 dozen) per bird 

X 5000 birds equals 100,000 dozen. 

Egg cost per dozen $32,000 ■+• 100,000 equals 32 cents per dozen. 


S .50 
1.00 
1.50 
2.00 
1.00 


$22,000 

1,600 

8,000 


1,200 

1,100 

850 

$34,750 

$ 2,000 
250 
500 


$ 2,750 
$32,000 


•Mocker J9S» 
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Table 12-7 


ESTIMATED LABOR COSTS PER 1000 LAYING HENS PER YEAR * 


Work and Method 

Ftocx Sixt 

250 


2.000 

Feeding 




Automatic 


§160.00 


Manual 

210.00 

190.00 


Watering 




Automatic 

40.00 

30.00 


Manual 

260.00 

260.00 


Egg gathering 



..... 

Manual 

250.00 

170.00 


Egg cleaning and packing 





460.00 

260.00 


Manual 

410.00 

410.00 


Litter handling 




Manual 

30,00 

25.00 


Manure removal 




Mechanized 

410.00 

135.00 

90.00 

Manual 

120.00 

105.00 



* Feathered Fax. November 25, 1958. include* interest depreciation, repair* and 90^/per hour for labor. 


Litter use. Frequent change of litter is costly from the standpoint of 
labor and litter cost (Table 12-8). When starting a new brood of chicks, lit- 
ter which has become caked, should be stirred and a small amount of clean 
litter added. A garden tractor may be used to loosen the litter. The deeper the 
litter, the greater its floor insulating value; and the more dry it is in winter, 
the less it will cake. Compost litter becomes pulverized in the same manner 
as sawdust or peat moss, which improves its value for absorption purposes. 
When the litter becomes too deep, part of it should be removed. 

Litter and droppings removal and disposal. Droppings are the waste 
from about 50 per cent of the feed eaten. Frequent removal of droppings aids 
in keeping the house dr)' during winter. Use of dropping pits under the 
perches and placing feeders and watcrers over them, helps to collect most of 


Table 12-2 

ECONOMY OF USING COMPOST LITTER * 


0»»UlV*TlO!<» 

[ Lint* 

CoMroiT 

Time 1 

G*» 

Time 

Co.! 

Labor required per 1,000 broiler* 
Cleaning 

tOO min. 

SI 2.00 

163 min. 

S3. 26 

Adding freth litter 

50 min. 

1.00 

50 min. | 

.60 

Stirring 

67 nun. 

1.34 

70 mm. 

1.40 

Litter u*cd per 1,000 broiler* 

1,400 lb*. 

S10.50 

525 lb*. 

S3.94 

Total 


S-’l.Sl 


$9.20 








ASONDIJFMAMJJ 

1950 1 1959 

Fig. 1 2—4. Profit! from eggi sold vary during year. 

the droppings in one place. Pit cleaners, while costly to install, save labor and 
provide an efficient means for removal of droppings. Another satisfactory 
method is to provide house construction of such a nature that a tractor and 
manure spreader may be driven through the center of the house for ease of 
loading droppings and litter. 

Litter and droppings have considerable fertilizer and mulching value for 
garden, nursery, crop, and pasture production. The composition of droppings 
will vary greatly with the moisture content (Table 12-9 ) - 

Litter and droppings may be spread on the ground in an open shed to a 
depth of a foot or more; stirred occasionally until dry enough (15 to 30 per 
cent moisture) ; ground and bagged; and sold in garden srores for $1.00 to 
$2.00 for a 50 to 75 pound bag 

The fertilizer value of the manure produced by laying hens, broilers and 
turkeys has been calculated on Table 12-10. It amounts co 30-40 cents per 
year for a laying hen. 

Egg Production 

The stock, housing, feeding, disease control, egg handling, and method of 
marketing influences egg profits. 

Selection of egg production stock. The goal today is to produce small 



POULTRY FARM MANAGEMENT 


425 


Table 12-9 


ESTIMATED PLANT FOOD CONTENT PER TON OF POULTRY MANURE UNDER 
VARIOUS CONDITIONS * 


Cbntiitioa of manure 

Nitrogen 

Phosphorus 

Potarh 


Lbs. 

Lbs. 

Lbs. 

Pure manure 




Dry 

SO 

50 

40 

1 5-30% moisture (slightly dusty) 

56 

aa 

28 

30-50% moisture (crumbly) 

40 

25 

20 

50-70% moisture (moist, stickv) 

24 

15 

12 

Manure and litter 50% moisture 




35% litter 

28 

17 

14 

50% h'tter 

20 

12.5 

10 

70% litter 

12 

7.5 

6 


* Missouri Agricultural Extension Service. 


Table 12-10 


AMOUNT & VALUE OF FERTILIZER CONSTITUENTS IN POULTRY MANURE 
WHEN PRODUCED UNDER AVERAGE CONDITIONS WITH NO PRESERVATIVES 
ADDED * 


Number and 

Kind of Poultry 

100 Hens 


1000 

Broilers 

100 

Turkeys 


1 In pits, removed 

In j 




Kind of Manure 

ex cry 4 months 

Utter | 

Total 



Time Involved 

1 Year 

1 Year 

1 Year 

10»ctks 

26 weeks 

Nitrogen loss 






considered in 
calculations 

50% 

30% ! 


30% 1 

00% 

Lbs. remaining N 

35 

9$ 

133 

202 

S8 

present at end P-O* 

54 

1 09 

163 

165 

93 

of period KjO 

23 

46 

69 

112 

64 

Commercial 

1,000 lbs. of 

1,000 lbs. 

1.000 lbs. 

2.000 lbs. 

1,000 lbs. 

Fertilizer 

3. 5-3-2 

of 

of 

of 

of 

Equivalent 


10-10-4 

13-16-7 

10-S-6 

9-9-6 

Total Value 

SI 1-14 

$26.29 ! 

$37 43 

S49 S5 

$24 53 

Value Per Head 

.11 

.26 

i 37 

.05 

•25 


* Mo. Ajr. Ext. Sen ice. 


birds which will lay large eggs, produce at a high rate, and continue produc- 
tion for a long time. It requires less feed to produce a dozen eggs u, hen small 
birds are used because the)’ require less feed for body maintenance (p. 277). 
Strain or other crosses of Leghorns < Chapter 5 ) are most popular for com- 
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F?3. 12-5. Percentage change* in retail price*, farm value*, and marketing margin* on food 
producti, 194?-}PS8. 


mercial egg production. They are small birds and lay white eggs, which most 
markets prefer. 

Performance of stock in random sample rests should be considered when 
buymg pullers (Table 4-14 and p. 34). 

Hatching date of stock influences later egg production and profits. ‘Winter 
and early spring- hatched birds lay better (Table 12-11). The use of stimu- 
hghting and selection of breeding stock may reduce the seasonal factor in 
the future (p. 19). 

Ag c of stock influences production. Most laying stock is profitable until 
about 20 months old. 

Housing costs for egg production. Housing and equipment cost Per 
layer var,« from about $2.00 to $5.00 per bird, depending on the quality Sd 
amount of faolures provrded (Table 7-9). Tie floor spaa requirements per 
layer have been reduced to about one square foot by fan ventilation, insula- 
non, the use of pits, and multiple deck rooscs {Ftp. 7 - 1 ) . Use of fatee pens 
svbach will accommodate several thousand birds eLinares the cost jStf. 
ttons and saves labor m feeding, watering, and gathering of eggs P 

Disease controL The presence of disease hfa flock tausifLered egg 
H™"tSke7a tCsakin & “ !<m “ Soci “«** (labor VN® 
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Fig. 12-4. The farmer'* ihore of the food dollar. 


Average annual Labor income 

mortality (per cent) per hen 

17.9 $0.78 

12.8 1.42 

8.8 1.59 

33 1.74 



Table 12-11 


COST AND RETURNS ON LAYERS HATCHED DURING THREE SEASONS 
FOR THE PERIOD 24-76 WEEKS * 




Date or Hatch 



February 

June 

j September 

Production. Hen day basis 



210 


220 

211 

Per cent 

60.3 

57.6 

57.3 

Feed per hen started 



5.1 

Per dozen eggs. Lbs. 

5.1 

4.9 

Mortality. Per cent 

8.8 

11.1 

7.5 

Culled. Per cent 

15.1 

38.2 

39.9 

Average egg weight per doz- (oz.) 

I 24.4 

24.2 

24.1 

Costs per dozen (cents) 




Layer depreciation 

.0832 

.0900 

.0923 

Feed cost @ $0 035 per lb. 

.1789 

.1712 

.1785 

Marketing costs @ 2 cents doz. 

.02 

.02 

.02 

Depreciation on house and equipment 

.0101 

.0108 

.0112 

Misc. — water, litter, light 

.0090 . 

.0093 j 

.0096 

Interest on capital investment @ 5% 

.0144 

.0156 1 

.0160 




Total cost except labor 

.3156 

.3169 

.3276 

Returns— sale price 

.3828 

.3926 1 

.3888 

Labor income 

.0672 

.0757 

.0612 


• Average result* (or three year* 195S-57. Unpublished data. Uruvemiy of Missouri 


Table 12-12 


A STUDY OF LAYING FLOCK LABOR REQUIREMENTS ON CALIFORNIA 
POULTRY FARMS * 




Tree* or Holsiac 



Hen Cage* 

Floor Lutcr 

Wire Floor* 

Number of farms 

10 



Flock size Ave. 

3390 

4220 


Max. 

6140 

7950 

6790 

Mm. 

1480 



Egg production, percentage, Ave. 

65.3 

53.8 


Max. 

78.8 

67.J 

64.0 

Mm. 

50 8 



Total chore time, man-minutes Ave. 

58.2 



bird-year Min. 

36.0 ! 



Total labor, cases of eggs Ave. 

.68 



man hour of labor Max. 

Travel for feeding and 

1.05 

1.39 

1.00 

gathering, feet per case Ave. 

Per Cent of total chores spent 
on feeding, gathering and 

2300 

1440 

1180 

cleaning eggs. Ate, 

69.3 

68.0 

64.3 




Fig. 12-7. Farm to retail price spread for eggs. 


Table 12-13 


MORTALITY AND EGG PRODUCTION OF LAYERS ON THE FLOOR 
AND IN CAGES * 


OasuvxTiOK 

Floo* 

Cams 

j Ninth 

j Tenth 

| Ninth 

Tenth 

Mortality, 44-55 wks., per cent 

1.5 

1 2 

1 4 ' 

1.0 

" 19-55 « Ls., per cent 

! 3.9 | 

7.0 

to 

40 

Hpgs, 44-55 wks., hen/day basis 

1 55 

62 

S7 i 

54 

“ 19-55 wks., 

1 159 

165 

155 | 

145 

" “ ** “ , per pullet housed 

1'6 

15S 

152 

159 

Extra large eggs, per cent 

52.1 

[ 29 5 

| 57 7 i 

59.9 

Large eggs, per cent . . 

49.2 

! 50.7 i 

1 50 5 

46.0 

Medium eggs, per cent. 

IS. I i 

190 

11.4 

13.6 

Small eggs, per cent . . . 

•6 

■7 

.2 

.5 

Shell defects, per cent . 

J i 

I 6 

22 1 

70 

Blood spots, per cent 

72 1 

75 

9? | 

96 

Meat spots, per cent . . . 

l.S 

5 5 

*2 i 

4 S 

Shell thickness, mm. 

562 

.57$ 

5$9 , 

594 

Esrg weight, ounces per dozen 

M-S 

i 25.2 

25 4 { 

2S.S 

A\erare Haugh L'nits .. . 

75 

77 

76 

7s 


• Gtl.hcni* 1 1 ci'.'f, tactic icttt. IVS7-SS. 






Fig. 12-8. Form to retoil price ip'ead for frying chicken*. 

Floor space per layer influences production and profit (Fig. 7-3)- As the 
floor space is reduced from three to one square foot per layer, production 
declines bur net profit per layer increases. 

Cage vs. floor pen egg production is an unsettled question from the stand- 
point of profit. Cage housing cost is low in warm climates (Fig. 7 - 28 ), bur 
more expensive in colder climates. The housing space required per layer 
will vary with the arrangement of the cages (Fig. 7-29). The labor re- 
quirements per caged layer are higher than for floor pens (Table 12— 12) . Egg 
production and feed efficiency may be better for caged layers (Table 7—10). 
The quality of the eggs may also be slightly better (Table 12-13). 

Feed cost for production. The feed required to produce a dozen eggs, 
varies from about 4.3 pounds for high-producing small hens on high energy 
rations (Table 7-10), to twice this amount for large broiler type breeding 
stock (Table 12—14). Assuming t ha t 5 pounds of feed are required to pro- 
duce a dozen eggs, a ration that costs $4.00 per hundred pounds will produce 
eggs for a feed cost of 5 cents per dozen less than for a ration costing $5.00 
per hundred pounds. This sum alone may be more than the profit margin in 
producing eggs. 

Egg handling. The largest Item of labor in commercial egg production 
is the gathering, cleaning, and packing of eggs for market (Tables 12-12 and 
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Table 12-14 


ARKANSAS POULTRY MEAT PRODUCTION TEST — 1957 - 58 . (15 ENTRIES) 


Observation 

Ave. 

Range 

Egg phase * 

Production per hen housed. Per cent 

49.4 

41.7 

65.7 

Production per hen day. Per cent 

51.8 

42.7 

70.6 

Livability of layers. Per cent 

91.0 

87.0 

95.0 

Feed per doz. eggs produced. Lbs 

7.2 

5.1 

8.9 

Age to sexual maturity (50 per cent production) days. 

182 

176 

190 

Av. body wt. at 5 mos. 3 wks. Lbs 

5.7 

5.3 

6.2 

Av, body wt. at 14 mos. 3 wks. Lbs 

7.7 

7.0 

8.4 

Fall egg size. Ounces per doz 

24.9 

23.7 

25.6 

Spring egg size. Ounces per doz. 

27 A 

26A 

23 A 

Hatchabilily and growth phase ( Summer , 1958 ) ** 

Fertility of eggs set. Per cent 

76.1 

61.3 

83.7 

Hatchability of eggs set. Per cent 

57.0 

39.9 

63.7 

Livability first 8 weeks. Per cent 

97.7 

89.6 

99.6 

Feed per pound of broiler. Lbs 

2.1 

2.0 

2.2 

Males. Av. wt. at 8 wks. Lbs 

3.1 

2.8 

3.3 

Females. Av. wt. at 8 wks. Lbs. 

2.5 

2.3 

2.6 


• Atkantat Poultry Improvement Aai’n. Report 81. 1958. 
"Report 80. 1958. 


Table 12-15 

EGG CLEANING, SIZINC AND CASING * 


Work Done 1 

MlXVIIf RtQOIRtP 

rim C*»b 

Average 

Range 

Wash all eggs and case 

9.9 


Wash all eggs, size and case 

18.8 

16.1-21.5 

Wash dirty eggs only, size and case 

22.2 

17.0-32.0 

Wash dirty eggs, candle, size and case 

29.0 

27.0-31.0 

Wash all eggs, candle, size and case 

27.1 

21.0-35.0 


* Abo. 


15). The time involved is from 30 to 60 minutes per case depending on the 
labor saving facilities used. 

The cost to produce and market a small egg as compared to a large egg is 
almost equivalent. Freshly laid eggs are nearly all of AA quality. The extra 
expense of labor and refrigeration in maintaining good egg quality on the 
farm amounts to per dozen. The market price spread between large and 

medium and A and B eggs more than justifies the added expense of producing 
large grade A eggs ( Fig. 12 — 4 ) . 

Estimation of cost of market egg production. The items to be con- 
sidered arc feed cost, flock depreciation, tabor cost, and overhead. The latter 
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Table 12-16 

RELATIVE COSTS OF PRODUCING MARKET AND HATCHING EGGS * 


.... ~ 

Mauet 

EME 

Hatching e&C» 


Ob SEXY AT 10* 

Li |ht breed* 

Prodocuoa 

type 

Li|ht breeds 

Heavy breed* 

Meat 

Production 

trpe 


23 

j 28 

20 

19 

14 

Average number of layers 

1,099 


1,446 


551 

Egg production 

203 

192 

174 

167 


Mortality. Per cent 

19.3 

17.9 


15.8 


Feed consumption. Lbs. 

115 

121.5 > 

110.2 

127.5 

130 

Per dozen eggs 

6.8 

7.6 

8.0 i 

100 | 

8.9 

Labor requirements 

1.6 

1.7 

1.5 

1.5 

2.0 


5.9 

6.6 

6.5 

7.1 | 

8.4 


SI. 45 

S0.89 

SI. 32 

$0.86 

$0.90 

Net cost per dozen eggs. Cents 

$0,496 

lEr'' J 

$0,547 

$0,743 

$0,658 


* Cornell Agricultural Experiment Sixtooo. But S56. 


includes hear, light, depreciation on buildings and equipment, and interest on 
investment. Overhead is usually figured at 12 to 15 per cent of the sum of the 
feed, flock depreciation, and labor costs. 

Item of expense Cost per do zen 

Feed 

Lbs. per doz. x price per lb. = 

Flock depreciation 

Value of pullet — salv age value 
Dozen eggs produced 

Labor 

.11 x hourly rate 

Total — 

Overhead ~ ~ 

15% of above total = 

Total cost egg production 

Egg production income records. Several state agricultural colleges co- 
operate with farmers within their states in obtaining, analyzing, and publish- 
ing cost of production records. The University of Missouri was among the 
first group of colleges to compile such records (Table 12-17). In recent 
jears, the income per layer, over feed cost, has been slightly less than $3.00. 

Cornell University has made a study of the relations of labor income to size 
of egg production enterprise (Table 12-18). In 1957, the average labor in- 
come of ten farmers who owned more than 5,000 lajers each, was $8,499- 

The Iowa Agricultural Extension service reported an average labor income 



2 
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Fig. 12-9. Hatchery operation has become year-round busineu. 

per ben at 70 cents during 1957-58 (Table 12-3), with the five highesr flocks 
averaging $1.45 and the five lowest a loss of $0.24. 

Market versus hatching egg production. More layers can be ac- 
commodated in a given floor space when producing market eggs than when 
producing hatching eggs for broiler production, because no males are kept and 
the laying hens are smaller (Table 12-2). The expense of blood testing is 
not incurred when producing market eggs. A New York study indicates 
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Table 12-16 

RELATIVE COSTS OF PRODUCING MARKET AND HATCHING EGGS 



Maiect egcs | 

Hatching ecci 


OeSIS-VATIOV 

Light breedi 
Leghorn 

Heavy 


Heavy breed* 

Production 

type 

Leghorn 

Meal 

type 

Production 

type 


23 

28 

20 

19 

14 

Average number of la> ers 

1,099 

820 

1,446 

863 

551 


203 

192 

174 

167 


Mortality. Per cent 

| 19.3 

17.9 

14.1 



Feed consumption. Lbs. 

115 

121.5 

110.2 

127.5 


Per dozen eggs 

6.8 

7.6 

8.0 

10.0 

8.9 

Labor requirements 

1.6 

1.7 

1.5 

1.5 

2.0 

Per doz. eggs. Min. 

5.9 

66 

6.5 

7.1 

8.4 


$1.45 

$0.89 

$1.32 

$0.86 

$0.90 

Net cost per dozen eggs. Cents 

$0 496 

S0.514 

$0,547 

$0,743 

$0 658 


• Cornell Agriculture Experiment Station- BuL. 896. 


includes hear, light, depreciation on buildings and equipment, and interest on 
investment. Overhead is usually figured at 12 to 15 per cent of the sum of the 
feed, flock depreciation, and labor costs. 

Item of expense 

Feed 

Lbs. per doz. x price per lb. = 

Flock depreciation 

Value of pullet — salvage value 
Dozen eggs produced 

Labor 

.11 x hourly rate 

Total 

Overhead 

15% of above total = 

Total cost egg production 

Egg production income records. Several state agricultural colleges co- 
operate with farmers within their states in obtaining, analyzing, and publish- 
ing cost of production records. The University of Missouri was among the 
first group of colleges to compile such records (Table 12-17). In recent 
years, the income per layer, over feed cost, has been slightly less than $3.00. 

Cornell University has made a study of the relations of labor income to size 
of egg production enterprise (Table 12-18). In 1957, the average labor in- 
come of ten farmers who owned more than 5,000 lajers each, was $8,499. 

The Iowa Agricultural Extension service reported an average labor income 


Cost per dozen 
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Fig. 12-9. Hatchery operation ha* become year-round bun'neu. 

per hen at 70 cents during 1957-58 (Table 12-3), with the five highest Bocks 
averaging $1.45 and the five lowest a loss of $0.24. 

Market versus hatching egg production. More layers can be ac- 
commodated in a given floor space when producing market eggs than when 
producing hatching eggs for broiler production, because no males are kept and 
the laying hens are smaller (Table 12-2). The expense of blood testing is 
not incurred when producing market eggs. A New York study indicates 
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Table 12-18 


FARM BUSINESS SUMMARY OF 57 NEW YORK POULTRY FARMS 

in 1957 * 




Size or ExtcumE 


Iscoue AXU PnOULCTlO* Factom 

’lsoo 

2.500 to 
3.500 


j All 

Flock. 

Income factors 

10 


mu 

57 



S2.S06 



' 55,629 

Labor income per farm 

Production factors 

51,503 

$1,554 

58,499 

S3 ,5 13 


933 

2,885 

9,072 

3,789 

Eggs per layer 

193 

212 

209 

209 

Layer mortality, per cent 

.15 

.14 


.16 

Chick and pullet mortality, per cent 

.05 

.14 

.08 


Don. eggs sold per man 

10,866 

32,923 

54,820 

33,295 

Price received per dozen 

-45 i 

•43p 



Feed per doz. eggs. Lbs. 

8.3 

5.9 


wm 


• J upa ar.J Earle. N. Y. 1958. 


that eggs hatched for broiler production cost about 25 cents more per dozen 
to produce than market eggs (Table 12-16) . 

Marketing Eggs 

The cost to market eggs is less than for most farm products (Fig. 12-5 
and 6). 

The spread between farm sale price and consumer purchase price is about 
20 cents per dozen (Fig. 12-6). In the midwest, the principal marketing 
costs per dozen eggs in 1956 were: retailer, 10 cents; city distributor (whole- 
saler), 3.3 cents; and the country assembly plant, 8 2 cents. The city distribu- 
tor or wholesaler is now being eliminated. More direct marketing by some 
producers lessens the spread between the farm sale and consumer purchase 
price for eggs. 


Table 12-19 


EGG ASSEMBLY PLANT COSTS * 


Charge 

Co»t per dozen 

Freight to eastern markets 


Labor 


Case*, filler*, and other supplies 


Payments to buyers and independent dealers 


Trucking from buying stations 


Overhead, miscellaneous costs and profits 

.011 

Total 

50.095 


’ U. S. D A. \Lvt- Pubt 741 1937. 
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Egg assembly plant costs in the midwestem states in 1956 have been sum- 
marized in Table 12-19. The costs amounted to nearly 10 £ per dozen. Most 
of the payments to buyers and independent dealers have now been eliminated. 
Trucking costs are less than perishable freight car rates. Labor saving equip- 
ment in handling, sizing, inspecting, and cartoning eggs has aided in prevent- 
ing much of a rise in egg assembly plant costs (Chapter 10 ) . 

Wholesaler costs of grading, cartoning, and handling eggs in 1956 
amounted to nearly per dozen (Table 12-20). Most of the wholesaler’s 

Table 12-20 


WHOLESALER COSTS OF GRADING 
AND CARTONING EGGS * 


Charge 

Coit per dozen 

Labor 

S0.025 

Cartons 

.022 

Inspection 

.002 

Miscellaneous costs 

.006 

Overhead and profit 

.013 

Total 

$0,068 


• U. S. D. A. Mijc. Pub. 1957. 


work is now done at the egg assembly plant with the elimination of part of 
the labor costs and miscellaneous and overhead costs. 

Ohio egg co-operative charges in 1958 for supplying cases, picking up 
eggs, sizing, candling, cartoning, selling, and delivery of eggs to retailers 
amounted to about 7 £ per dozen ( Table 12-2 1 ) . 

Table 12-21 

DISTRIBUTION OF COSTS OF A CENTRAL 
OHIO CO-OPERATIVE EGG ASSEMBLY 
PLANT DURING THE 1958-59 FISCAL 
YEAR 


Opcrtlir.g cott 

-1 

& 

3 

Plant operating cost 

$0,028 

Cases 

.014 

Delivery to retailers 

.006 

Farm pick-up 

.008 

Administration and promotion 

.007 

General 

.003 

Total 

$0,066 


Rearing Replacement Pullets 

Rearing replacement pullets for commercial egg producers is one of the 
newest deployments in the highly specialized poultry business. The first 
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move in this direction toot place when egg farmers began to buy s«ed pul- 
lets. They can now buy pullets that have been vaccinated and are ready to 
lay. The egg farmer need not tie-up part of his facilities for rearing pullets only 
part of the year. He may purchase any number of pullets and have them de- 
livered at any time of the year. This is especially helpful to the cage operator 
who must cull heavily and at the same time keep his cages filled in order to 
make a profit. 

Production com, excepting labor, for rearing replacement pullets to 
various ages have been estimated by the Beacon Milling Company (Table 
12-22). The principal items of cost ate feed, chicks, and labor. A 16- week 
old pullet is at a profitable age for selling. Excepting labor, it costs from 
S1.10-S120 to raise a pullet to this age. 

Iowa farm record data for 1957-38 indicate the total cost of producing a 
20-week old pullet to be about $1.80 (Table 12-23). 

Table 12-24 illustrates a method to figure the total cost of raising replace- 
ment pullets to 20 weeks of age. 

Broiler Production 

Broiler production has become second in importance among the special- 
ized poultry production enterprises (Fig. 1-7). In spite of the rising cost 

Table 12-22 


CUMULATIVE COST BY WEEKS FOR GROWING SMALL-TYPE LEG- 
HORN REPLACEMENT PULLETS * 


Week 

Chick 

Centi 

m\ 


Mice.** 

Cent* 

Feed 

Centa 

Tou| 

Dollar, 

1 

40 

60 


1.0 

1.05 

S0.44 

2 

40.2 

.60 

1.51 

20 

2.63 

.47 

3 

40.4 

.61 

2.01 

2.0 

4.73 

.50 

4 

40.6 

61 

2.51 

2.5 

7.35 

.54 

S 


.61 

3.01 

25 

10.50 

.57 

6 

41.0 

.62 

3 03 

2.5 

14.44 

.62 

7 

41 2 

.62 

3.04 

3.5 

1844 

.67 

8 

41.4 

62 

3.06 

3.5 

22.92 

.71 

9 

41.6 

62 

3.07 

3.5 

27.63 

.76 

10 

41.8 

1.23 

3.09 

5.5 

32.57 

.84 

11 

42 0 

1.23 

3.10 

5.5 

37.75 

.90 

12 

42 2 

1 24 

3.12 

5.5 

42.93 

-95 

13 

42 4 

1.25 

3.13 

s.s 

48.35 

1.01 

14 

42 6 

1.2S 

3.15 

5.5 

53.77 

1.06 

IS 

42 8 

1.26 

3.16 

3.3 

59.42 

1.12 

16 

43.0 

126 

3.18 

6.0 

6496 

1.18 


43.2 

1 27 

3.19 

6.0 

70.74 

1.24 


43.4 

1 28 

3.21 

6.0 

76.51 

1.30 


43 6 

1.28 

3.22 

60 

82.29 

1.36 


43.8 

1.29 

3 24 

60 

88.06 

1-42 


' Beacon Milling Co. 1959 Cayuga. N Y 

Includes vaccination, medication and insurance. 
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Table 12-23 


IOWA FARM EGG PRODUCTION RECORD SUMMARIES * 


Financial statement 
for young stock project 

Average of 18 
fiocks— chicki 

5 high-cost 

S low-cost 
pulleu 

1. Number of chicks started 

601 

644 

641 

2. Per cent mortality at 5 months 

11.7 

18.5 

6.0 

3. a. Chick cost (Raised) 

$ 0.47 

5 0.54 

S 0.42 

b. Fuel cost (Raised) 

S 0.04 

S 0.04 

$ 0.03 

c. Feed cost (Raised). .. 

S 0.77 

S 0.97 

5 0.62 

d. House and equip, cost (Raised) 

S 0.08 

S 0.10 

S 0.08 

c. Miscellaneous costs (Raised) 

$ 0.02 

$ 0.02 

S 0.02 

f. Total cost per bird raised 

$ 1.38 

$ 1.67 

$ 1.17 

4. Total expense per lb. poultry raised . . 

$ 0.36 

$ 0.40 

S 0.31 

5. Pounds poultry raised 

2,047 

2,189 

2,265 

6. Pounds feed used 

11,967 

12,299 

12,242 

7. Pounds of feed per pound raised 

5.8 

5.6 

5.4 

8. Net cost of pullet except labor 

S 1.41 

$ 1.74 

S 1.18 

9. Net income except labor 

$208.92 

SI 13.76 

5312.21 

10. Hours labor per 100 birds 

21.0 

22.3 

17.5 

11. Income per hour 

$ 1.S0 

$ 0.97 

5 3.12 

12. Value put on each pullet kept 

S 1.83 

$ 1.98 

$ 1.87 

13. Cost per lb. or ration fed . ... 

S 0.034 

S 0.04 

S 0.031 

14. Pounds of feed per pullet (5 months) 

22.4 

23.4 

20.3 


• Whitfield. 


Table 12-24 


FORMULA FOR ESTIMATING COST OF RAISING LEGHORN 
PULLETS TO 20 WEEKS * 


Item 

Calculation 

f equals 

Co»t 

Feed 

22 lbs. x price per lb. 



Labor 

11 min. x value per minute 

equals 


Chicks 

1.1 x price per chick 

equals 


Other items | 

Add 12% of total cost of feed, 
labor, and chicks 

equals 


Toul 

Cost per pullet 

equals 



• Taylor. 


of most commodities, the price of broilers has declined in recent years. Better 
feed conversion (Table 12-25) and the use of labor saving methods (Table 
12-26) are cited as the cause. With the use of automatic feeders, watcrers, 
and other labor saving devices, 1,000 broilers can be raised to market age 
with 40 to 60 hours of labor. 

Production costs for broilers are mainly for feed, chicks, and labor. A 1958 
Maryland broiler production report showed the feed cost to be 62 per cent, 
the chick cost 21 per cent, and the labor cost 10 per cent of the total (Tabic 
12-28). 

Feed efficiency is generally referred to as the number of pounds of feed 
required to produce a pound of poulriy mcar. The smaller the number, the 
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Table 12-25 


CHANGES IN MAINE BROILER PRODUCTION * 


Observation [ 

1950 

1957 


7,524 

2.5 
6.0 

13.5 
3.9 
4.2 

! 26.0 

11,564 

4 

3.2 

10.5 

3.6 

2.8 

20.4 


Mortality. Per cent j 


Feed conversion (lbs. of feed per lb. of gain) . , . 
Product o *. Cc /l 



* Saun Jcr*. 


Table 12-26 

LABOR REQUIREMENTS PER 1000 BROILERS SOLD * 


Houm op Labo* rta 1000 Baon-Mi 


No or^Bi*o» 1 

No. ol 

I Produce* 

Preparing 

1-2 

3-6 

7 and^up 

Total 

1,000-1,999 

1 9 

19 

34 

72 

75 

200 

2,000-2,999 

28 

17 

20 

43 

1 51 

131 

3,000-3,999 

18 

12 

14 

23 

25 

l 74 

4,000-4,999 . 

20 

U 

12 

22 

23 

68 

5,000-5,999 

10 1 

12 

10 

18 

15 

55 

6,000-6,999 

2 1 

6 

S i 

14 

17 ! 

42 

7,000-7,999 

6 

9 

10 

20 

18 

57 

8,000-8,999 

3 

10 

9 

19 

25 

63 

9,000-9,999 

2 

9 

10 

17 

15 

51 

Ave. all producers . 


12 

14 

26 

28 

80 


* Whit and W indham. 


better the conversion. As birds become larger and older, the feed efficiency 
ratio increases (Table 8-9) . The influence of feed conversion and price on the 
cost of producing poultry meat is shown in Table 12-27. 

Farm to retail price spread. The difference between farm and retail 
price range, although fluctuating temporarily, has remained fairly constant in 
recent years (Fig. 12-7) . Conioque (1957) reported a spread of 15^-22^ per 
pound from live bird to ready-for-the-oven ice packed poultry and 27^-36^ 
for frozen poultry. Processing plant costs amounted to about 7£ per pound 
(Table 12-29), transportation 0.5^, wholesaler 2.5ff, and chain store retailer 
8.5 tf-lltf. Recently, retailers have been operating on more narrow profit 
margins, because of the increased volume of business. Wholesaler margins 
have also been largely eliminated. 

Btovlet processing costs ate about 5£ per pound in small plants and per 
pound in large operations (Table 12-30). Added to this sum, is the transpor- 
tation cost -which amounts to 0.5£-l£ per pound depending on distance to 
market. 



Table 12-27 

COST TO PRODUCE 1,000 POUNDS LIVE POULTRY AT VARIOUS FEED PRICES AMD CONVERSION RATIOS ,* 
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Table 12-28 


BROILER PRODUCTION' COSTS 


Charge 

Amount Coit pa pound 

Per cent ol totil 

Feed 

$0.11 

62 

Chicks 

.04 

21 

Vaccine 

.0025 


Fuel 1 

.0050 



.0025 


Producer 

.0175 

10 

Total 

$0.1775 



Table 12-29 

BROILER PROCESSOR CHARGES * 


Charge 

Catu pa pound 





Processing and packaging labor 

Boies and other packaging material 

Freight to market 

Overhead, miscellaneous cost and profit ] 

3.00 

1.00 

1 1.25 

t 1.25 

| 7.50 


•U.S.D. A. Afiie. Pub. 7*1. 1957. 


Hatchery Chick Production 

Hatchery operation has become a year-round business for most operators 
because of the broiler and started pullet business (Fig. 12-8). Since most 
hatcheries operate all year, the volume of chicks per egg capacity is increased 
and the cost of production per chick reduced. 

Chick costs. Hatching eggs account for more than 60 per cenr of the 
chick production cost (Table 12— 31 ). Commercial, unsex ed chick costs range 
from about 9f-l4£ depending on egg costs, the size of the hatchery, efficiency 
of operation, and advertising. Pullet chicks generally cost about twice as much 
as unsexed (straight-run) chicks plus lp per chick for sexing. Chicks with 
special breeding cost more. “ 


Turkey Meat Production 

Turkey meat production is a highly specialized branch of the poultry in- 
dustry. It tnvolves the production of large turkeys for the hotel and restaurant 
trade, and small turkeys, including turkey Irjers, for family consumption. 
Costs of turkey meat production arc 20^-25 f per pound (Table 12-32). 
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Table 12-30 

OF PROCESSING BROILERS IN FOUR RANGES OF PLANT 
SIZE IN NORTH CAROLINA ** 


Costs 1.1 Doujuls Ft* 100 Pou.ym 


Birds Processed per Hour 



ISO -599 

600-1,199 

1.200-2,399 

2.400-3,999 

Labor (1) 

2.35 

1.60 

1.42 

1.41 

Water, Power, Light, & Ice 

.25 

.21 

.23 

.25 

Heat & Fuel 

.OS 

.06 

.06 : 

.04 

Packaging Material (2) 

1.00 

1.00 

1.00 

1.00 

Uniforms (3) 

.03 

.03 

.03 

.03 

Misc 

.03 

.04 

.03 

.04 

Total variable costs 

3.74 

2.94 

2.77 

2.77 

Interest Costs (4) 

.11 

.07 

.07 

.06 

Depreciation (5) 

.20 

.14 

.14 

.14 

Maintenance 

.(H 

.05 

.03 

.10 

Admin. Costs 

.76 

.48 

.36 

.27 

Total fixed costs (6) 

1.11 

.74 

.65 

.57 

Average total cost 

4.85 

3.68 

3.42 

3.34 


* Management was adjusted for output and alt plants were standardized for a 40 hour week. 

(1) Labor @ $1.00 per hour. 

(2) Packaging material @ SI. 00 per 100 lbs. 

(3 j Uniforms charged <n» H per 100 lbs. 

(4) Interest on value of building and equipment @ 6% 

(5) Depreciation basis— 20 years for buildingt. 5 year* for equipment. 


)onald and La beau. 


Poult costs are high, about 40(1-80(1 each, because of the cost in keeping turkey 
breeders, seasonal production, and hatching. 

Turkey processing costs include about one-fourth to one-half hour labor 
and $ or packaging per bird ( Tabie }2-35). 


Contract Poultry Farming 

As poultry production has changed from general farm, small-scale opera- 
tions to large-scale broiler and egg enterprises, contract farming has come 
into the picture to provide more capital, divide the risks, and obtain better 
markets. The contract may be a flat-fee, an incentive bonus coupled with the 
flat-fee, or a partnership arrangement. Whate\er the plan, the terms of the 
agreement should be in writing with all parties receiving a notarized copy. 

Integration. To integrate means ro make whole or complete by adding or 
bringing together parts. Vertical integration refers to the grouping of differ- 
ent but related industries which arc necessary in the production of poultry 
such as hatcheries, feed manufacturers, broiler producers, and processing 
plants. 

Horizontal integration occurs when a chain or group of grocer)’ stores, 
hatcheries, or feed mills, arc brought under one ownership or management. 
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Table 12-31 


COST OF SALEABLE CHICKS (RANGE FOR 6 HATCHERIES) * 


Observation 

Range 

Annual production of saleable chicks ... 

635,000 

7,130,000 

Gist of hatching eggs 

7.9(f 

9.2^ 

Incubating and hatching costs 

0.9 

3.5 

Labor 

0.51 

1.4 

Power, fuel and water 

0.07 

0.24 

Chick boxes, pads, etc. 

O.U 

0.54 

Supplies and fumigants 

001 

.16 

Insurance 

.01 

.23 

Repairs 

.00 

.38 

Tates, local and payroll 

.02 

.16 

Depreciation 

.17 

.43 

Selling and delivery 

.05 

3.37 

Delivery expense 

.03 

.17 

Travel and entertainment 

.00 

.12 

Advertising and promotion 

.01 

.15 

Commission and salaries 

.00 

.94 

General and administrative 

.03 

2.16 

Salaries, communications, ofice supplies. 



legal, bad debts, interest, adjustments. 



etc. 



Total cost per chick 

9.69 

14.06 


•Tag* in. 


Table 12-32 


TURKEY PRODUCTION COSTS * 


Observation 

Mature weight 

Fryer weight 

Average weight (lbs.) ... 

20 


Weight of hens (lbs.) 

14 


Weight of toms (lbs.) .... 

25 


Age when sold. Hens (wks.) . . 

21-24 


Toms (wks.) 

25 to 29 


Feed cost per lb. (cents) 

14.5 to 16 


Poult cost per lb. (cents) 



Misc. cost per lb (cents) . . 

1.6 


Labor cost per lb. (cents) 

1.5 


Total cash costs per lb. (cents) 

21.3 


Interest on investment per lb. (cents) 

0.6 


Depreciation per lb. (cents) 



Total cost per lb. (cents) 

22.8 

25 




The form of integration developing in agriculture and especially in the pool- 
try business is primarily vertical integration. r 

The development of integrated poultry operations is causing a decrease 
ol middlemen in the channels of trade, such as the country store* local bujer. 
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Table 12-33 


A SURVEY OP LABOR REQUIREMENTS IN SIX TEXAS TURKEY 
PROCESSING PLANTS * 




La 80* ItEQl,JR£*fE\TS PER 100 
Turkeys. (Hours) 



Ave. 

High 

Low 

liens 





Dressing 


8.7 | 

20.0 

3.1 

Evisceration. 


12.0 . 

20,0 

7.1 

Packaging 


3.5 

4.7 

1.9 

Packing 


2.3 | 

2.8 

1.8 


Total 

26.5 

47.5 ! 

13.9 

Toms 





Dressing 


10.6 

25.0 1 

4.7 

Evisceration 


16.8 

33.3 

10.1 

Packaging 


3.3 

4.7 

2.3 

Packing 


3.1 

3.4 

2.7 


Total 

33.8 

66.4 

19.8 


• Texas Agr. Exp. Sta. Mite Pub. 13 J. 


central buying station or processor, the wholesale receiver, the broker, the 
jobber, and the retailer. In more complete integration, the production opera- 
tions (chicks, feed, etc.) and marketing are performed by one management 
or firm. 

The advantages of integration are greater than the disadvantages. Inte- 
grated units can produce a large amount of uniform products, such as broilers 
or eggs. The quality is also more uniform because usually a single strain of 
stock and feed and less numerous but larger flocks are involved. Larger quanti- 
ties also lead to cheaper prices for chicks and feed. The processor can pay more 
for large quantities of uniform supplies. Large distributors, such as the food 
chains, can depend on a steady supply of broilers and eggs. The producer is 
assured of a market. 

About the only disadvantage with integrated units, is that the producer 
has to give up some of his independence. Some of the management decisions 
are made by the integrator (manager of the integrated enterprise). 

Broiler production contracts. Broiler production has become largely an 
integrated business. The parties financially interested, in addition to the 
grower, are usually one or more of the following: feed dealer, hatchcryman, 
processor, and food chain store system. 

There are several types of contracts in which the grower may participate. 
Tlte most successful is an incentive type contract in which the grower is paid 
a certain amount, usually one-half cent per bird per week, plus a bonus for 
impro\cd growth rate, reduced mortality, and improved feed conversion. In 
such a plan the grower generally supplies the housing equipment and labor. 
The imegrater supplies the chicks, feed, and medicine and picks up the 
birds for marketing. 

Broiler growers prefer an integrated contract to operating independently 
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although they may not need credit, because it divides the risk and insures a 
market. 

Egg production contracts. Egg contracting is more recent than broiler 
contracting. Producers, egg assembly plants, and feed companies are gener- 
ally involved. The arrangement assures the producer of a market and finan- 
cial assistance for production; the egg marketing or assembly plant has a 
steady supply of high quality eggs; and the feed manufacturer, an outlet for 
his feed. 

T he egg franchise contract involves the producer, processor, and feed man. 
The feed company helps the processor and producer find a market for a uni- 
form, large volume of high quality eggs. The net return to the producer may 
be or more per dozen above what he would obtain if the eggs were sold 
locally. The producer uses a specified strain of poultry and feeds a designated 
brand of feed. These requirements help to produce more uniform market 

eggs- . . , . 

The egg production incentive contract (Table 12-34) pays a base price of 


Table 12-34 

AN INCENTIVE EGG PRODUCTION CONTRACT * 


Observation 

Payment to producer 
Per dozen 

Base payment for 

Clean eggs 

6 cents 

Soiled egg* 

3 cents 

Mortality. Receives per dozen for each 5% 
below 30% . 

0.5 

Production. Receives per dozen for each 10 
eggs above 220 

0.5 

Feed consumption. Receive* per dozen for 
each S lbs. below 130 

0.5 


• Dnggen. Producer tuppUei all labor homing and equipment. Contractor 
•uppiiea the chicki, leed. egg catea and pick* up tbe egg». 


per dozen for clean eggs, plus a bonus for egg production above 220 eggs 
per year, mortality below 30 per cent, and feed consumption below 130 
pounds. The producer supplies the labor, housing, and equipment. The con- 
tractor supplies the chicks, feed, egg cases, and picks up the eggs for the 
market. 

The co-operatne egg contract is between the egg assembly plant and the 
producer. The latter agrees to gather the eggs three times daily, dean the 
soiled eggs according to approved methods, pack and store them in a con- 
trolled room or egg cooler with a temperature of 60-<S5 o F. and a relative 
humidity of 70 to 80 per cent, and dispose of birds that have been in produc- 
tion 1 3 months. The egg assembly plant supplies the cases, picks up the eggs 
twice per week, candles and sizes them, and pays the producer the Urner- 
Barry quotation for nearby extra fancy heavy weights. 
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Share contract farming. This system of farming is one in which the 
landlord supplies most of the capital and the grower supplies the labor. The 
North Carolina Agricultural Extension Service (Extension Service Folder 
102) has suggested the followingcontracts: 

50-50 arrangement for egg production in which the landlord supplies all 
capital (land, housing, equipment, stock, and feed) and the tenant provides 
all labor. They divide income evenly from eggs, culls, and old hens. 

34-34 arrangement for turkey production where the landlord supplies the 
land, buildings, equipment, and 34 of the poulr, feed, medicine, fuel, and 
marketing costs, and the tenant provides the labor and 34 of the poult, feed, 
medicine, fuel, and marketing costs. The income from sale of turkeys is 
divided 34 to the landlord and 34 to the tenant. 
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Chapter 13 


Turkey Production 


Turkeys are native to America (Fig. 13-1). Before 1492 they were 
unknown to European or Asiatic civilizations. The Aztec Indians of Mexico 
had domesticared the wild rurkey, and as early as 1498 the Spanish imporred 
turkeys to Spain. The birds proved very popular and apparently readily ad- 
justed themselves to their new environment. As early as 1573 it is reported 
that they were plentiful in England. Domesticated turkeys were brought to 
New England by the early colonists from Europe and served as a nucleus from 
which the turkey industry of the United States developed. 

Varieties 

The Standard varieties, Bronze, White, Holland, Bourbon Red, Narragan- 
setr. Black, Slate and Beltsville Small White were developed from the wild 
stock or from varieties descended from the wild stock. The weights of these 
varieties as given in the American Standard of Perfection are as follows: 



Adult 

Yearling 

Young 

Adult 

Yearling 

Young 

Variety 

Tom 

Tom 

Tom 

Hen 

Hen 

Hen 

Bronze 

36 

33 

25 

20 

18 

16 

White Holland . . 

33 

30 

25 

18 

17 

14 

Narragansett, 
Bourbon Red, 
Black, and 

Slate 

33 

30 

23 

18 

16 

14 

Beltsville Small 
White 

23 

22 

19 

13 

12 

11 


Popularity of the rcspecti\e varieties. The most popular variety of 
turkeys in the United Stares continues to be the Bronze. However, the Large 
Whites ( including White Hollands) are more popular in the North Atlantic 
and East North Central States. For the >ear I957-S the breeding flocks re- 
ported for the National Improvement Plan Were distributed by regions as 
shown in Table 13-1. 

Bronze. The Bronze turkey lias color markings similar to the wild turkey 
native to the Mississippi Valley and the eastern parr of the United States 
(Fig. 13-2). The white markings in the tail, however, probably trace their 
US 
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origin to the Mexican wild stock. The New England wild turkey has brown 
instead of white in the color pattern of the tail. During the nineteenth century 
the domesticated Bronze turkey was crossed with the wild New England 
stock. 

The popularity of Bronze turkeys can be partly attributed to their resem- 
blance to the beautiful wild stock, their vitality, their size, and the fact that 
they have been in the hands of progressive breeders. It is necessary to see these 
birds in their fully mature plumage to appreciate their beauty. The develop- 
ment of this color pattern may have been at the neglect of vitality and market 
qualities in some cases, but this variety has remained a popular turkey with 
the growers. 

White Holland. The White Holland turkey takes its name from its solid 
white color and the fact that it was supposedly brought to America by the 
early Dutch colonists from Holland. A white variety originated in Europe 
probably as a "sport” from the Mexican stock imported by the Spaniards. 
However, the White Hollands which were developed in America very likely 
came from white "sports" from the Bronze variety. 

Bourbon Red. This variety was developed by Mr. J. F. Barbee of Bourbon 
County, Kentucky, from crosses made about 1890. Mr. Barbee crossed Bronze, 



Fig. 13-2. Breed* of turkey*. Top left, Narrogoniett. (Courtesy Hawkeye Turkey Form and 
“Turkey World.*') Top right. Block. (Courtesy “Turkey World.”) Center left. Bourbon Red. 
(Courtesy Pleasant Volley Turkey Farm.) Center fight. Bronze. (Courtesy Wallace Neel.) Bat* 
tom left. While Holland. (Courtesy U. S. D. A.) Bottom right. Slate. (Courtesy Wingert Turkey 
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Table 13-1 

DISTRIBUTION OF TURKEY VARIETIES. 




Standard 

Lar*t 

White 

Belleville 
Small V> tnle 

Others 


Bronze 




- - 


33 

1 

62 

2 

l 


46 

2 

51 

1 


West North Central . 

65 

Lew thin 

0.5 

21 


7 


32 

7 

40 

Les* than 



0.5 



0.5 

S th 

68 


22 

11 

Less than 





0.5 


95 


2 

3 

Less than 



0.5 



0.5 


72 


1? 

9 

2 


1 

0.5 





White Holland, and Buff varieties and selected from these crosses the birds 
which were red with white primaries, secondaries, and main tail feathers. This 
is a beautiful variety with good market qualities. The modern type and color 
pattern ate illustrated in Figure 13-2. 

Narragansett. This variety takes its name from Narragansett Bay, the 
region in which it originated. It probably arose as the result of crossing the 
Norfolk Black, which the English colonists brought with them, with the New 
England wild stock and by later introducing some Mexican wild stock. This 
variety is somewhat similar in appearance to the Bronze. However, the birds 
are lighter in color and lack the copperish bronze markings which characterize 
the Bronze turkey. 

Black. The Blacks probably originated as "sports” from the turkeys intro- 
duced into Europe by the Spaniards. They were called the Black Norfolks and 
were later brought to America by the colonists. Black turkeys sometimes oc- 
cur in flocks of Bronze turkeys. The importance of this variety in the past 
appears to have been its value as one of the parents for developing new varie- 
ties. Its relatively smaller size and its well-developed breast may make this 
variety more popular as a market turkey. A very good Black specimen is 
shown in Figure 13—2. 

Slate. This variety is supposed to have originated in America from the 
crossing of Black Norfolks and White Hollands. The birds have slate or ash- 
blue plumage. Slate turkeys have never been popular in the United States and 
at present relatively few birds of this variety are raised in this Country. They 
have the same standard weight as the Black variety. 

Beltsville Small White, This small variety of turkeys was developed by 
research workers at the U. S. D. A., Beltsville Research Center. They have 
proved especially popular for the production of turkey broilers or small 
roasting turkey s. 
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Nonstandard varieties. Several large-type, white turkeys are gaining in 
popularity. They are the Broad Whites, Empire Whites, Lancaster Whites, 
and others are likely to appear soon. 

The future of the turkey industry depends quite largely on the success 
which may be achieved in breeding for market qualities and for birds which 
are efficient producers of human food. 

Breeding Objectives 

Color patterns. Turkey breeders should select for the color pattern de- 
sired in their respective varieties. Most of these color patterns are very well 
fixed, so that little attention need be paid to such characters. To neglect im- 
portant market qualities and focus attention on fine distinctions in color de- 
signs is a mistake. The most successful breeders in the future will emphasize 
market qualities but retain also the color pattern of their varieties. 

Market qualities. Since the turkey is a meat animal, it should be bred for 
the most desirable market type and size. Already some breeders have made 
considerable progress in this direction. As in other animals, size and type are 
heritable characters which may be influenced by selection. Birds with com- 
pact bodies axe being used quite extensively in turkey matings and attention 
is being centered on market quality. No doubt there are many market qualities 
other than size and shape which should be emphasized. Early maturity is 
receiving attention and it should be emphasized because the efficiency of 
the turkey as a producer of human food is dependent somewhat upon early 
maturity. The ability of the bird to grow mature plumage at an early age, 
fattening or finishing while yet young and probably immarure, the texture 
of meat, and the distribution of fat are all market qualities which should re- 
ceive the attention of the breeder. 

Size of turkey to raise. The producer should strive to satisfy the demands 
of the markets for turkeys as long as it is profitable ro do so. Those who are 
emphasizing small size in turkeys should bear in mind that the overhead cost 
per pound for small turkeys is greater than for large turkeys. It is also true 
that the hotels and restaurants prefer the larger birds because they can get 
more servings per pound of large turkey. Hen turkeys, because of their smaller 
size and excellent quality, are in demand for family use. Table 13-2 shows the 
results obtained from a rather extensive survey made by the National As- 
sociation of Food Chains for the purpose of determining from their custom- 
ers the demand for turkeys of different sizes. It will be observed that 50 per 
cent of the consumers patronizing the chain food stores preferred turkeys 
under twelve pounds. The Delaware station gathered some data (Table 13— 
3) on this problem in the city of Wilmington which showed that restaurants 
and wealthy customers have a very definite preference for turkeys weighing 
over thirteen pounds. It is evident that various sizes are in demand. 

Egg production. Economical poult production requires high egg pro- 
duction in the breeding stock. Egg production in turkeys as in chickens can 
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Table 13-2 

CONSUMER DEMAND FOR TURKEYS BY SIZE OF BIRD 
Pfof'r'rtion of 

Sue of Turkey Tol»l Deraind * 

Group 1 (8 and 9 pounds) 25% 

Group 2 (10 and 11 pounds) 25% 

Group 3 (12 and 13 pounds) 23% 

Group 4 (14 and 15 pounds) 14% 

Group 5 (16 and 17 pounds) S% 

Group 6 (18 pounds and over) 5% 

• Reprekenti wr-ghird »\ erigt of »U return* to nuke lUocaocci lor the virjing i.m of reportre* coopauw 


Table 13-3 

NUMBER OF CONSUMERS AND RESTAURANTS PREFERRING VARIOUS SIZES 
OF TURKEYS * 


or 

Tisketi 

All Comluhi 1 

WtALTUT CoXtLMU* | 


Nuttbo 

Ptt CtM 


Prt Ctfil 

Number 

PttCest 

6 pound* 

1 

| .5 





8 pounds | 

s 

.5 





9 to 10 pounds 

49 1 

27.1 

4 

1 21.0 



11 to 12 pounds 

so ; 

27.6 

4 

21.0 

1 


13 to 15 pounds 

42 

21.2 

5 

26.3 

8 1 

38.1 

Over 15 pound* 

38 

21.0 

6 

31.7 

12 

57.1 


•D*L Su. BuL 2lB 


be increased by proper breeding. The basis of sdeaion must be trap-nesr 
records and progeny test records. 

Unless the consumption of turkeys becomes less seasonal so that there is 
a greater demand for turkeys throughout the year, poulr production will re- 
main highly seasonal and there will be little demand for turkey eggs out of 
the regular hatching season. Under the present conditions early egg produc- 
tion and intensive production are most desirable. As in chickens, early sexual 
maturity and intensity of production are inherited characters which <~an be 
modified by breeding as well as by feeding and management. 

Factors related to annual egg production in turkeys have been investigated 
by Asmundson at the California Agricultural Experiment Station, Davis, 
California. He found that annual production was influenced most by ( 1) date 
of last egg, or the bird’s persistency; (2) length of pause, or time out of pro- 
duction; (3) date of first egg, or starring early in the season; and (4) net 
spring rate of production. From these results it would appear that to increase 
annual egg production in turkeys, they must be bred for persistency and in- 
tensity of production without test periods, and they must be bred and so 
managed that they start laying early in the season. 

Young hens lay more eggs than do older birds. Records of egg production 
kept at the Calif orma station showed the following production per hen: first 
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year, 77 eggs; second year, 50 eggs; third year, 44 eggs; fourth year, 45 eggs; 
and fifth year, 28 eggs. Egg production is reduced when turkey hens are per- 
mitted to remain broody and hatch their eggs. Date of hatching is also a 
factor influencing time of egg production. Early-hatched birds often lay dur- 
ing the winter months while late-hatched birds may not lay until late spring. 

The elimination of inherited defects. The California station has shown 
that pendulous crops in turkeys are inherited. In matings which they made 
the percentage of offspring developing pendulous crops varied from none to 
100 per cenr. They were also able to show that the occurrence of pendulous 
crops was greatly increased when turkeys were raised where the temperature 
was high, the humidity low, and where there was much sunshine. They con- 
cluded that the tendency for turkeys to develop pendulous crops was deter- 
mined by one pair of recessive autosomal genes. If pendulous crops are in- 
herited in the manner these investigators believe them to be, the breeder 
could eliminate this defect only by progeny testing his birds, and discarding 
any which produced offspring developing this condition. This condition can- 
not be eliminated by merely culling turkeys that develop pendulous crops 
(Fig. 9-30). 

The Kansas Agricultural Experiment Station has shown that in chickens 
the tendency to develop crooked breastbones is inherited. It appears logical 
to assume that in turkeys crooked breastbones also may be inherited. Birds 
showing evidence of crooked breastbones should be marketed and thereby 
kept out of the breeding pens. 

The progressive turkey breeder will nor only select breeding stock free 
from marker defects but he will study the inheritance of these defects and by 
scientific breeding eliminate them from his strain of turkeys. 

Selection of Breeding Stock 

The success of any breeding program depends upon the stock used in 
the breeding pens. Young birds which are intended for breeding purposes 
should be selected in the fall before any birds arc marketed. Otherwise, some 
of the best birds may be sold and therefore lost for breeding. 

The basis of selection should be, of course, those qualities which the breeder 
hopes to establish in his strain of birds. Since turkeys are produced primarily 
for meat, selection for desirable marker characteristics should be considered 
fundamental in any turkey-breeding program. The market prefers a turkey 
which has a long, wide, and deep breast, and a compact body which is well- 
fleshed and covered with fat. The market also prefers turkeys which have 
well-matured plumage and few pinfeathers when dressed. 

The Oklahoma Agricultural Experiment Station has reported results ■which 
show that such measurements as keel length, body depth in front, and shank 
length may be used as a basis for selecting turkeys at market age. Advance- 
ment can be made along these lines by breeding. 

The specialty breeder who uses trap nests will make selection also on the 
basis of pedigrees and progeny records. 
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S. J. Marsden, Poultry Husbandman in charge of turkey investigations for 
the United States Department of Agriculture, has prepared the following 
outline for selecting turkey breeders: 

I. Head _ . 

A. Bright, round, outstanding eyes of proper variety color. Reject it 
off-colored, elongated, dull, sunken, injured, blind, or missing. 

B. Short, curved beak. Reject for ostrich beak, cross beak, and elongate 
beak but not for proper debeaking. 

C Rugged but refined appearance, free from excess flesh. Reject for 
coarseness or weak appearance. 

D. Good depth and breadth, not elongated. Reject for crowhead. 

II. Back. 

A. Wide and flat including part over ribs (heart girth). Reject for 
reach (arched) back, crooked back, narrow heart girth, or torn 
skin. 

III. Breast 

A. Wide but not excessively so. Reject if too narrow or too wide and 
flat (Fig. 13-3). 

B. Parallel to back. Reject if rear end of keel appears pushed in or 
dropped down away from the parallel position. 

C. Smooth-fleshed, width carried well back to rear of keel but not so 
much as to interfere with locomotion. Reject for heart-shaped 
breast (very wide in front and very narrow at rear). 

D. Breastbone (keel); straight, moderately long, free from knobbiness. 
Remove birds with crooked keels, noticeably curved, too short, de- 
cidedly rocker-shaped, decidedly dented, or possessing a knob which 
is the result of failure of flesh to cover the front point of the keeL 
Breastbone should be about the same length as the shank. 

E. Check crop region and reject for signs of pendulous crop. 

IV. Legs and feet 

A. Drumsticks: plump, weil-meated, and of a size sufficient to balance 
the rest of the body. Reject if undersized or straight-sided. 

B. Shanks of moderate length, strong, sturdy, not too short or too long, 
not coarse. Reject for legginess or abnormally short shanks. 

C. Reject for off-color, crooked toes, twisted shank, or any tendency 
toward bowlegs, knock-knees, slipped tendons, swollen hocks, or 
malformed hocks. One or two slightly crooked toes permitted in 
females but not in mal t*; 

V. Wings and tail 

A Reject for split wing, slipped wing, twisted or off-colored wing and 
tail feathers. Clipped wing(s) permitted on females but not on 
males. 

VL Balance 

Depends primarily upon leg placement; birds poorly balanced have 
legs placed too fat back. Balance is indicated by: 
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Fig. 13-3, Crow sections of lurkey*' bodies at the widest point of the breast slightly to rear 
of front tip of keel bone. 


A. Keel-leg relationship when bird is suspended by the legs, the body 
vertical and relaxed. Well-balanced birds show no decided gap be- 
tween drumsticks and rear end ot keel, the profile appearing 
smooth. Reject poorly balanced birds with a conspicuous gap 
showing a broken or notched profile. Keel should extend well back 
between the legs. 

VII. Skeletal proportions 

A. Moderate depth; keel nearly equal in length to the shank in market- 
age birds; slightly longer than shank in birds 32 weeks and older. 
Body depth should be about one-fifth greater than length of the 
keel in all except Beltsville Small Whites in which it should be 
about one-fourth greater. Measure by calipers or by spread of 
hand. Reject for shallow body or short keel. 

VIII. Color 

A. Conforming reasonably well to standard requirements. Re jeer for ail 
standard disqualifications relaring to color of plumage, legs, and 
feet and also for solidly “oil-colored" beak or c )cs. Reject males of 
Bronze, Bourbon Red, Narragansctr, and other parti -colored varie- 
ties rliar do nor have male-colored plumage and females thar do 
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Good balance Poor botonce 

Fig. 13-4. Drawing! representing turVey* with good and poor bolonce. 

nor have female-colored plumage such as those lacking the normal 
white edgings on breast and body feathers. Reject Bronze turkeys 
for completely black backs and complete or almost complete lack 
of body bronzing and tail penciling. 

IX. Size 

A. Check for weight according to variety and age (Table 13-4). 
Weigh representative specimens. Reject for decided underweight 
or overweight. 

X. Quick market maturity (Quick maturing turkeys are more efficient 
in the use of feed.) 

The state of maturity can be checked accurately and effectively only 
where age is known and then only at 22 to 26 weeks for small-type and 
24 to 30 for medium- and large-type turkeys. Quick maturing speci- 
mens will have the most market finish at the ages indicated. 

A. Good market finish is indicated by: 

1. Fat in skin. Have an assistant hold the bird so that breast skin is 
relaxed, then pluck a few feathers from the sparsely feathered 
area between the two feather tracts of the breast at a point just 
to rear of a line drawn from shoulder to front point of keeL 
Take a fold of skin between thumbs and forefingers of both 
hands. Grade A turkeys will have a creamy skin, a fold of 
which (containing a double thickness of skin) is about -07 to 
.14 inch thick; U. S. Grade B, .04 inch; and U. S. Grade C, .03 
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Table 13-4 


SUGGESTED MINIMUM BODY WEIGHTS FOR STANDARD AND BELTSVILLE 
SMALL WHITE VARIETIES AND SUGGESTED MAXIMUM BODY WEIGHTS FOR 
SMALL VARIETIES OF TURKEYS * 


Sex and Age 

Minimum Boot Weight 

j Maximum Body Weight 

Broad* 
Bretsted 
| Bronze 

Standard 
varieties 
other than 1 
Bronze 

Standard 

Betuvilte 

Small 

White 

Belts ville 
Small 
White 

Other 

small 

varieties 

Toms: 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

24 weeks 

18 

14 

15 

12 i 

16 i 

17.5 

26 weeks 

20 

15.5 

16.5 

13.5 

18 

19.5 

28 weeks 

22 

17 

18 

15 

20 

21.5 

30 weeks. ...... 

23 

18 

19 

16 

22 

23.5 

32 weeks | 

24 

19 

20 

17 

23 

24.5 

Hens: 







24 weeks 

12 

8.5 

9.5 

7 

10 

11 

26 weeks 

12.5 

9 

10 

7.5 

10.5 

11.5 

28 weeks 

13 

9.5 

10.5 

8 

11 

12 

30 weeks 

13.5 

10 

11 

8.5 

12 

13 

32 weeks 

14 

10.5 

11.5 

9 

12.5 

13.5 


• U.S.D.A., A.H.D. U3. 


inch or less. This test is effective only at the point described. 
Ignore fat in skin at other places on the body. 

2. Pinfeathers long enough to be plucked cleanly. U. S. Grade A 
dressed turkeys are permitted to have a few short pinfeathers, 
but only a very small number on the breast. Jn the Jive bird, 
check for pinfeathers too short to be picked on drumsticks, 
shoulders, and one of the two narrow feather tracts that run 
parallel to the keel and jusr above it on either side. 

Reject birds not showing proper degree of maturity (U. S. Grade A 
finish for small-type at 24-26 weeks, or large- and medium-type at 
28-30 weeks). In the absence of a thorough check as above eliminate 
all obviously late-maturing specimens. 

XI. Carriage and action (especially important in the selection of males). 

A. Carriage (the bird standing or walking but not strutting): Birds 
with good balance stand high at the shoulders, the back sloping 
from front to rear at a 35-40° angle. Reject for fronc-hcaviness 
(Fig. 13-4). 

B. Action: Gait free, active, and easy. Reject for waddling, limping, 
paddling (swinging feet ou wards), or crippled condition. 

Matings 

Age of breeding stock. Young hens and toms that are well matured are 
usually more satisfactory for breeding purposes. For the production of market 
turkeys this appears to be the most practical method to follow because the 
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Pen A 


Mate the belt female* produced 
by this mating each year with a 
young tom produced by the mating 
in Pen D 


Pen B 


Mate the belt femote* produced 
by this mating each year with a 
young tom produced by the mating 
in Pen A 



Fig. 13-5. A systematic breeding plan for the breeder who desire* to produce hi* own breed* 
ing stock end avoid eIo»e inbreeding. 


females produce more eggs during their first laying season, fertility and 
hatchability are generally higher when young stock is mated, and the cost of 
keeping breeding stock from one season to another is eliminated. The pro- 
gressive breeder who pedigrees his stock and uses progeny records must keep 
breeding stock for several seasons. From the data given in Table 13-5 it is 


Table 13-5 


EFFECT OF AGE OF TURKEY BREEDING 
STOCK ON EGG PRODUCTION * 


Ace of Stock 

or«r.) 

< 

Average Egg 
Production 

Fint Egg After 
January 1 (Day.) 

1 

766 | 

67.3 

2 

49.5 1 

78.8 

3 

44 2 1 

80.3 

4 

44.6 

| 87.6 

5 

27.6 

96 2 


* Acmundson and Lloyd, Univenity of California. 


evident that young turkey breeding females will produce more eggs during 
the breeding season and these eggs will be produced earlier in the season 
than if older birds are used. 

Single male matings. Single male matings are necessary where pedigreed 
breeding methods are being followed, so that ancestry may be traced and 
progeny tests made. Where males are placed in adjoining breeding pens it is 
advisable to place some material such as burlap on the fence so that the males 
cannot see each other. Otherwise they exhaust their energy by parading before 
each other, "gobbling,” and attempting to fight. 

Flock matings. Large-scale turkey production has resulted in mass or 
flock matings where several males are used. In flock matings one tom is used 
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for each fifteen to twenty females. A very simple method for preventing the 
males from fighting and the fertility from thereby being reduced is to con- 
fine the males in individual pens with openings only large enough for the 
females to pass through. These pens should be so arranged that the hens have 
to pass through to get feed or water. 

Artificial Insemination. The use of artificial insemination has become 
a common practice among commercial breeders in order to insure higher fer- 
tility of large-sized, broad breasted varieties. This practice though economic- 
ally sound is not recommended for replacement stock as there is danger of 
developing strains that are unable to produce naturally. Artificial insemina- 
tion provides a means of increasing the fertility from valuable toms, old or 
crippled, which cannot mate naturally. 

Pedigree breeding of turkeys. The realization that the market qualities 
of turkeys are inherited has led to the pedigree breeding of turkeys. The trap 
nest (Fig. 13-6) has been found to be a practical device for determining the 
egg production of individual turkey hens and also for identifying the eggs 
laid by different birds. A record of all matings should be kept which shows 
the male and females used in each pen. An incubator record should also be 
kept which shows for each hen the number of eggs set, the number of infertile 
eggs, the number of dead embryos, and the poults hatched. Each poult should 
be wing-banded and suitable records kept so that the pedigree of any pedi- 
greed bird can be determined at any time. 

By keeping progeny records, valuable male and female breeding stock can 
be identified and better families can be kept and the inferior ones discarded. 
It is only by such methods that the breeder can hope to make much progress 
inbreeding turkeys. 

Breeding systems. Three systems of breeding are used in breeding tur- 
keys: inbreeding, outbreeding, and crossbreeding. Close inbreeding (brother 
and sister, etc.) results in low hatchabiiity, low fertility, high mortality, slow 
growth, and late maturity. There is considerable variation in reproductive 
performance and body conformation between strains of turkeys. The crossing 
of pure strains that combine well takes advanrage of hybrid vigor or heterosis 
in producing progeny superior to either parent strain. Studies at Ohio, Utah 
and Minnesota Agriculture Experiment Stations have consistently shown 
improvement in reproductive traits with strain crossing. Mating distantly 
related birds is a desirable method for the breeder who is doing pedigreed 
breeding to use in establishing desirable characters in his strain of turkeys. 

Most turkey growers who are not interested tn dorng pedigree breeding 
find that outbreeding is the best system for them to follow. They can pur- 
chase breeding males from some breeder who is breeding the type they want. 
These males are mated with females selected from their own flock. They can 
purchase stock from the same breeder jear after year with little danger of 
ill effects from inbreeding. Those who wish to do so may produce their own 
toms, if they have several individual mating pens, by following the plan 
shown in Figure 13-5. With four pens (A. B, C, D) the best male produced 
each jear from the mating in pen A would be placed in B the following jear; 




Fig. 13-$. Turkey hen entering trop neit. Note the door* on top lor removing the bird* from 
the neit* and the hen'* number painted on the toddle (or identification. 


but the best females raised from the A mating would remain in pen A for 
the following breeding season, to be mated with the best male produced by 
the mating in pen D. The management of the other pens would be similar 
in that males produced in B would go to C and those produced in C to D. 

Crossbreeding is sometimes used, but the crossing of the different varieties 
of turke) s has not, as j et, proved enough superior to outcrossing to justify its 
use. Turkey breeders and growers prefer to raise purebred stock. 

Management of Breeding Stock 

The failure of a turkey-breeding program can be traced frequently to the 
mismanagement of the breeding stock. While turkeys given their freedom 
on the farm may produce more fertile eggs than when kept under artificial 
conditions, they do respond to good management and produce maximum re- 
sults when they have proper care and management. 

Range or yards. During recent years there has been a change from range 
to yards for turkey-breeding stock. In those regions where blackhead is a 
serious turkey disease this change has been necessary in order to prevent all 
range from becoming contaminated with the organisms which cause this dis- 
ease. The most practical yarding system is one where green feed can be 
grown in the yards. Wire fences from 3 to 6 feet high will confine turkeys 
if the yards are level and they cannot perch or roost on the fence. For single 
male matings yards 40' x 120' provide sufficient green feed. Grave], crushed 
stone, or cinders placed around the house or roosting quarters help to main- 
tain more sanitary conditions in the yards. Very small yards about 15 or 20 
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feet square covered by abqut 3 or 4 inches of gravel, crushed stone, or cinders, 
may be used for single male matings. Results reported by the Pennsylvania 
Agricultural Experiment Station showed that breeding stock could be closely 
confined in such pens without interfering with breeding results. When con- 
fined in yards where there is no growing green feed, both cod liver oil and a 
high-grade alfalfa meal should be fed. The use of some fresh green feed was 
reported by the Pennsylvania station to increase hatching results even though 
5 per cent of alfalfa meal was used in the mash. 

Turkey breeders confined in buildings should be provided with 12 to 15 
square feet of floor space per bird. The use of artificial light is usually neces- 
sary to prevent a delay in egg production. The toms should be lighted two 
to three weeks earlier than the hens when artificial lights are used. Floors 
should be covered with litter. The difficulty of obtaining satisfactory results 
with complete confinement has limited the widespread use of this practice to 
northern areas where weather conditions are unfavorable early in the breed- 
ing season. 

Housing. The need for protection of turkeys against cold and rainy 
weather depends upon the climatic conditions which prevail where they are 
kept. They are generally considered to be less susceptible to the effects of 
weather than are chickens, and therefore require less protection. In most sec- 
tions of the United States all that is required is roosting quarters protected by 
a roof and three walls. Adult turkeys may be confined in houses with satisfac- 
tory results, but the most economical provision for the southern part of the 
United States appears to be outside roosts only. For the northern part of the 
United States and Canada roosting sheds should be protected on the north, 
east, and west sides against winds, rain, and snow. The Kansas and Purdue 
Agriculture Experiment Stations have reported that housing was not neces- 
sary for turkey breeding stock in their respective states. Portable range 
shelters, partially enclosed, are often utilized for shelter in the breeding pens. 

Rooscs {2"x4") laid flat or four-inch po/es provide satisfactory roosts for 
turkeys. Each bird should have about eighteen inches of space on the roosts. 
Open top boxes 2'x2' and 10 to 12 inches deep supplied with some nesting 
material such as straw, excelsior, or cane pulp make very satisfactory nests. 
They may be located in the house or in some secluded spot in the yard. Where 
special breeding work is done, trap nests protected from rain and snow are 
used (Fig. 13-6). The house should provide about 8 to 10 square feet of 
floor space per bird so that plenty of room for feeders, waterers, and the birds 
will be available. 

Artificial lighting. That turkeys may be brought into production as much 
as two months before they would otherwise lay, by using artificial lights, has 
been demonstrated by several investigators. The use of lights will usually 
bring mature turkeys into production within thirty days after the lights are 
started. The lights may be turned on early in the morning or all-night lights 
may be used. Figure 13-7 shows the results obtained at the Missouri Agricul- 
tural Experiment Station when all-night lights were used on Bronze turkey 
hens during their first laying season. 
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The Pennsylvania Station has reported that it is necessary to expose toms 
to lights at least one week or longer before the hens are placed under lights 
to insure satisfactory early fertility. Work at the Oklahoma Station indicates 
that /or Oklahoma conditions both toms and hens respond to lights within 
the same length of time. These differences between the Pennsylvania and 
Oklahoma results are likely due to climate. 

Turkeys are seasonal breeders; however, it is possible to obtain economical 
production of hatching eggs during the summer and fall months by the use of 
controlled artificial lighting. This is accomplished through the use of re- 
stricted day-length to stimulate and maintain egg production. The restric- 
tion of day-length to nine hours during the conditioning period followed by 
15 hours of artificial light has proved to maintain satisfactory egg production. 

Feeding. Suitable rations are necessary for high egg production and good 
hatchability. These rations may be similar to those used for feeding chicken 
breeding stock. Farmers who raise chickens and turkeys may use the same 
mash for both kinds of breeding stock, if extra vitamins A, D, and riboflavin 
are added to the turkey ration (Table 15-6). Breeding turkey toms will con- 

Table 13-6 


SUGGESTED NUTRIENT LEVELS IN TURKEY RATIONS. 
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Fig. 13-7. Effect of all-night lights on egg production in turkeys. 


To prevent these injuries the sharp toenails and spurs of the toms may be 
clipped, or "saddles” may be placed on the females. Many producers are 
protecting the females by placing canvas "saddles” on them (Figure 13-6). 
This should be done before the breeding season begins. 

Cost of keeping breeding stock. The breeder who is following a scien- 
tific breeding program must keep breeding stock throughout the year. The 
cost of keeping this stock is a considerable item and includes labor, returns on 
investment in stock, equipment, and land, losses from mortality, depreciation, 
and feed costs (Table 8-8) . 

Hatchery supply flocks. The developmem of specialized poulr produc- 
tion by hatcheries has created a demand for turkey-hatching eggs. Many tur- 
key eggs are shipped to hatcheries in the North Central states from California, 
Texas, and other southern states. However, the advent of pole- type shelters 
and the application of artificial light to obtain early hatching eggs in the 
northern states has eliminated the need of purchasing turkey eggs from pro- 
ducers located in more favorable climates. 

THE NATIONAL TURKEY IMPROVEMENT PLAN 

The primary objectives of this plan arc to improve the production and 
market quality of turkejs and to reduce losses from hatchery disseminated 
diseases. The Plan provides for four breeding stages and two pullorum-ryphoid 
classes. Some provisions of the Plan are: 

Definitions 

Official State Agency — The state authority recognized by the United States 
Department of Agriculture to cooperate in the administration of the Plan. 

A ffiliatcJ Flock Outset — A dock owner who is participating in the Plan 
through an agreement with a participating hatchery. 
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Table 13-7 

TURKEY RATIONS (1) 

1958 REVISION 


M»»h logredieoti 


Ground j cllow corn 
Standard wheat middling! 

Fish meal (60%) 

Meat and bone scrap (50%) 
Soybean oil meal (44%) 

Alfalfa meal (17%) (100,000 
A/lb) 

Dried corn distillers solubles 
or cquiv. 

Dicalcium phosphate or equiv. 
Ground limestone (feeding grade)| 
Iodized salt 

Manganese sulfate or equiv. 
Antibiotic supplement 
Vitamin Supplements: 

Vitamin A Jw 

Vitamin D (1CU) 

Vitamin E (1U) 

Vitamin Bn ( m ?) 

Choline chloride (mg) 

Riboflavin ( m B) 

talcium Pantothenate (mg) 
Niacin ( m 8) 

Totals 


800 

100 

200 

100 

650 

60 

50 

15 

30 

5 


4,086,000 
1,021,500 
10,000 
I 6 

415,150 

4,190 

3,706 

45,600 


All-Math 

Grower* 1 

950 

795 

200 

200 

50 

50 


50 

'sso 

6S0 

60 

60 

50 

60 

55 

40 

50 

55 

10 

10 

5 0.25 

0.25 

4.0S6.000 

4,086,000 

1,021,500 

1.021.500 

10,000 

10,000 

6 

12 

80,500 

134,550 

4,190 

5,255 

3,706 

4,578 

45,600 

46,000 

25 2,005.2 

2,000.25 


1,195 

200 

100 

50 

250 

60 

50 


32 

55 

10 

0.25 



CALCULATED ANALYSIS OF TURKEY RATIONS 




Starter 

Grower | 

Grower 

Breeder 


Cal/lb 

890 


851 

926 


% 

28 8 

21.5 

24.6 



% 

3.4 

2.9 

2.9 



% 

39 

4.1 

4.2 

3.5 


% 

2.0 

2.0 

2.18 


Total phosphorus 
Readily available 

% 

1.07 

1.0 

1.01 


phosphorus 

% 

0.82 ' 

0.72 

0.73 


Manganese 

mg/lb. 

26.1 

27.2 

28.2 

260 

Vitamin A 

lU/lb. 

5,932 

6,127 

5,966 


Vitamin D 

ICU/lb. 

510 

510 

510 

510 

Riboflavin 

mg/lb. 

3.7 

3.4 

4.1 

3.8 

Pantothenic acid 

mg/lb. 

6.1 

6.1 

6.7 


Choline 

mg/lb. 

952 

665 

774 

685 

N “™ 

mg/lb. 

39.5 

37.1 

39.6 

40.6 


III 1959 recommendation* of the New England College Conference Board. 

• To be fed with grain after twelve week*. 
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Flock — As applied to breeding, all turkeys of one kind of mating (variety 
or combination of stocks) and of one classification on the farm. 

Baby Poults — Poults that have not been fed or watered. 

Strain — Turkey breeding stock bearing a given name produced by a breeder 
through at least five generations of closed flock breeding. 

Broad-breasted — A term used to describe a type of turkey which at the 
time of selection, and no later than 30 weeks of age, has a breast width at a 
point 1 inches above the keel of at least 3 Vi inches, for both toms and 
hens. 


Participation 

(a) Any person producing or dealing in poultry products may participate 
in the Plan when he has ( 1 ) demonstrated, to the satisfaction of the Official 
State Agency, that his facilities, personnel, and practices are adequate for 
carrying out the applicable provisions of the Plan; and ( 2 ) signed an agree- 
ment with the Official State Agency to comply with the general and the ap- 
plicable specific provisions of the Plan and any regulations of the Official 
State Agency. 

(b) Each participant shall comply with the Plan throughout the operating 
year of the Official State Agency, or until released by such Agency. 

(c) A participant in any State shall participate with all of his turkey 
hatching egg supply flocks and hatchery operations within such states. 

Specific Provisions for Participating Flocks 

(a) Poultry houses and the land in the immediate vicinity thereof shall be 
kept in sanitary condition acceptable to the Official State Agency. 

(b) All flocks shall consist of birds that have been selected for health, 
vigor and freedom from physical deformities of economic importance by an 
Authorized Agent or State Inspector. 

(c) A flock shall be deemed to be a participating flock at any time only 
if it has been officially blood tested within rhe past 12 months with no 
puJIorum or typhoid reactors on the last test. 

(d) Each bird shall be identified with a sealed and numbered band ob- 
tained through or approved by the Official State Agency. 

Specific Provisions for Participating Hatcheries 

(a) Hatcheries, including brooder rooms, shall be kept in sanitary condi- 
tion, acceptable to the Official State Agency. The minimum requirements with 
respect to sanitation shall include the following: 

(1) Incubator walls, floors and trays shall be kept free from broken 
eggs and egg shells. 

(2) Tops of incubators and hatchers shall be kept clean (not used 
for storage). 

(3) Entire hatchery, including sales room, shall be kept in a neat, 
orderly condition and free from accumulated dusr. 
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(4) Hatchery residue such as egg shells, infertile eggs and dead germs 

shall be disposed of promptly. ...... 

(5) Hatchers and hatching trays shall be cleaned and fumigated or 
disinfected after each hatch. 

(b) A hatchery which keeps started poultry (poultry that has been led 
or watered) must keep such poultry separated from the incubator room 
in a manner satisfactory to the Official State Agency. 

(c) All poults offered for sale under Plan terminology shall be normal 
and typical of the variety, cross, or other combination represented. 

(d) Eggs incubated shall be sound in shell and reasonably uniform in 
shape. Eggs shall be trayed, and poults boxed with a view to uniformity of 
size. 

(e) All hatcheries within a State which are operated under the ownership 
or management of the same person or related corporation, or in which the 
same person or persons have a substantial financial interest as partners or 
otherwise, shall participate in the Plan if any of them are to participate. All 
hatching eggs or poults sold by such hatcheries shall be of the same pullorum- 
typhoid classification. 

Breeding Stages 

1. £7. S. Approved — All males and females selected by Authorized Agents 
according to standards prescribed by the Official State Agency or the State 
College of Agriculture. 

2. U. S. Certified — Flocks meeting one of the three following specifica- 
tions: 

( a) All males ROP or from ROP mass matings. 

(b) Males and females from docks composed of the following: 

ROP males or males from ROP mass matings mated to females from ROP 
qualified matings; or ROP mass matings; or ROP candidate matings in 
which 50 per cent or more of the dams family qualified for ROP. 

( c) Males and females from Performance Tested Parent Stock. In case 
the tested stock is a cross of strains, the U. S. Certified flock shall be a combi- 
makki of the same pose strains as vised m the tested flock. 

3. U. S. Record of Performance. Hens — An ROP candidate hen which is 
a reasonably good representative of the variety in the judgment of the ROP 
Inspector, may qualify as an ROP hen if such candidate: 

(a) Produces eggs at the rate of at least 50 per cent for a period of 
at least eight consecutive weeks from the date the first normal egg is laid in a 
trapnest; and 

(b) Produces eggs that hatch at the rate of at least 70 per cent of all 
eggs set with a minimum of 20 poults hatched. The qualifying requirements 
for hatchabihty may be reduced to 65 per cent when eggs are hatched at alti- 
tudes of 3000 to 3499 feet and to 60 per cent at altitudes of 3500 feet or 
more. All normal eggs produced by the candidate during a period of at least 
eight consecutive weeks shall be set. 

Toms— Toms may qualify for the ROP classification if they are: 
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(a) Produced from ROP poults or from candidate hens which subse- 
quent^ qualify as ROP hens: 

(b) Good representatives of the variety with strong constitutional 
vigor when examined by die ROP Inspector not earlier than 22 weeks of 
age; and 

(c) Banded with an ROP sealed and numbered leg band when passed 
by the Inspector. 

Pullorum-Typboid Classes 

1. U. S. Pullorum-Typboid Passed — Flocks in which no pullorum or ty- 
phoid reactors are found on the last official blood test. 

2. U. S. Pullorum-Typboid Clean — Flocks in which no reactors were found 
on the first official blood rest: Provided, thar if reactors are found on the first 
test the flock may qualify with two consecutive official negative tests. In 
order to sell hatching eggs or poults of this classification, all hatching eggs 
and poults handled must be of this classification. 

Blood Testing 

(a) In the official blood test, the blood shall be drawn by an authorized 
agent or State Inspector and tested by an authorized laboratory, using either 
the standard tube agglutination or rapid serum test: 

(b) These shall be an interval of at lease 21 days beeween any official 
blood test and any previous test with pullorum-typhoid antigen. 

(c) All turkeys to be used as breeders must be tested when more than 
four months of age. 

(d) All domesticated fowl on the farm of the participant shall either be 
properly rested to meet the same standards as the participating flock or these 
birds and their eggs shall be separated from the participating flock and its 
e ggs- 

(e) All tests with Salmonella antigens of flocks participating in or candi- 
dates for participation in the Plan shall be reported ro the Official State 
Agency within 10 days following the completion of such tests. All reactors 
shall be considered in determining the classification of the flock. 

(f) Reactors may be submitted to a laboratory for autopsy and bacterio- 
logical examination. The laboratory and the number of reactors to be sub- 
mitted shall be designated by the Official State Agency. In case bacteriological 
examination fails to demonstrate pullorum or typhoid infection, the flock 
shall be deemed to have had no pullorum or typhoid reactors. If other mem- 
bers of the Salmonella group are isolated, the Official State Agency may dis- 
qualify the flock for participation or require such other action as is deemed 
necessary with respect to the infection. 

(g) After a flock has been classified by the Official State Agency, the 
results of any retesting of such flocks during the current breeding and hatch- 
ing season shall not adversely affect its classification for the season, except 
that if in the opinion of the Official State Agency the amount of the reaction 
found in any flock is such as to be dangerous or detrimental to the operation 
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of the Plan, the Official State Agency shall require that such flock or flocks 
be retested after an interval of at least 21 days, or that use of such flocks as 
sources of eggs for participants be immediately discontinued. Furthermore, 
the Official State Agency may require that the hatching eggs from such flocks 
be removed from the incubator and destroyed prior to hatching. 


Judging Turkeys for Exhibition, Live Market, 
or Dressed Quality 

Until recent years the only shows for tukeys were the exhibition poultry 
shows. The realization that the winners in these exhibition shows were not 
necessarily the best market birds led to the establishment of shows where the 
live birds were judged for their market quality and also shows where dressed 
birds were exhibited. Renewed interest in turkey raising has also aroused an 
interest in the quality of poults and led to the day-old poult shows which are 
now held in some states. 

Exhibition judging. While turkeys, like other species are judged gen- 
erally by comparison, the score card (scale of points) gives the valuation for 
the different sections that should be considered by the judge. 


Standard Scale of Points for Judging Lite Turkeys 

Shape Color Total 


Symmetry and Carriage 6 

Condition 10 

Weight 8 

Head 3 

Eyes 1 

Tluoat — Wattle 1 

Neck 3 

Back and Spring Ribs 10 

Tail 3 

Wings and Shoulders 6 

Bstass. and Keel 25 

Thigh and Fluff 6 

Legs and Toes 3 

TOTAL 85 


6 

10 

8 

1 4 

1 2 

1 

3 

3 13 

3 6 

2 8 

3 28 

1 7 

J. _4 

15 100 


Live market classes. In many turkey shows the judges are emphasizing 
market quality instead of color pattern. Some shows have live market classes 
in which turkeys are judged almost exclusively for market quality. 

Dressed turkey exhibits. Since the turkey is primarily a market bird sold 
to the ultimate consumer in the dressed condition and since the dressed mar- 
ket appearance of the bird cannot be judged always by looking at the live 
specimen, there have arisen the dressed classes for turkeys. They have served 
a very useful purpose in that they have educared producers to market de- 
mands and stimulated consumer demand for quality turkeys. 



TURKEY PRODUCTION 


467 


The National Turkey Federation Dressed Turkey Show 

Basis for judging. The dressed turkey standard and scale of points, as 
prepared and adopted by the National Turkey Federation, are the official 
guides for the judges and the exhibitors at this show. These may be sum- 
marked as follows: 


DRESSED TURKEY STANDARD 

CONFORMATION 50 

Depth of body, width of breast, length 
of keel, width of back and shoulders, 
legs moderately short. 

FLESHING AND FINISH 25 

Fine texture and pliable skin, general 
covering with smooth coat of firm fat. 

MARKET APPEARANCE IN DRESSING 25 

Cleanliness and body bloom. 

Free of abrasions, bruises, and improper 
bleeding. 

Freedom from pin feathers. 

The local show committee administers the National Dressed Turkey Show 
in accordance with the rules and regulations adopted by the National 
Dressed Turkey Show Policy and Coordinating Committee. 

No one is allowed to handle any of the birds on exhibit, with the excep- 
tion of the judges and show representatives. 

Ail birds entered in the show must be frozen. 

Incubation 

Artificial incubation has, quite generally, replaced natural methods be- 
cause (1) the rime of setting can be controlled; (2) a larger number of 
poults can be hatched at the same time; (3) egg production of the breeding 
stock is higher, because the hens do not take time out to set; (4) there is 
less danger of transmitting disease to the poults; and ( 5 ) artificial incubation 
is less expensive than the natural incubation of turkey eggs, if all items of 
cost are considered. 

Selection of hatching eggs. The reasons for making a selection of turkey 
hatching eggs are to improve hatching results, and to improve the quality of 
die poults produced. The only egg characteristic thus far found to be associ- 
ated with hatchabiltty is egg size. As in chicken eggs, it has been found that 
the very small eggs and the extremely large eggs do not hatch welL Ex- 
tremely small eggs should be d bearded because they produce undersized 
poults; but large eggs need not be discarded, because even though they may 
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not hatch well, they are worth more for producing poults than any other 
use which can be made of them. The Kentucky Agricultural Experiment Sta- 
tion has reported that poults hatched from these small and large eggs lack 
vitality, and the mortality among them is higher than among poults hatched 
from eggs of a more normal size. The average weight of eggs laid by Bronze 
hens during their first season’s production is about eighty-five gr ams or three 
ounces. (Table 13-8.) 


Table 13-8 


WEIGHT OF TURKEY EGGS 


Him* La rise 



AV [SAGE 

Htxi 

or Total 

Grim. 

Ounce. 

Very small eggs — below 70 grams 

4 

1 

67.00 

1 2.36 

Small eggs 70-79 grams 

.27 

24 

76.17 

2.69 

Medium-sized eggs— 80-89 grams 

298 

56 

84.01 

2.96 

Large eggs — 90-99 grams 

98 

18 

92.36 | 

3.25 

Very large eggs — 100 grams and over 

4 

1 

101.S0 

3.58 

All hens 

531 

100 

83.68 

m 


Small hens tend to produce smaller eggs than do larger hens. Eggs having 
abnormal shape and those with thin shells or cracked shells should not be used 
for hatching purposes. 

Care of batching eggs. The hatchability of the best hatching eggs can be 
destroyed by improper care while the eggs are being held before setting. The 
three factors most likely to reduce hatchability during this period are (1) ab- 
normal holding temperatures, (2) holding the eggs too long, and (3) rough 
handling. Since the embryo undergoes development at temperatures above 
82 F., hatching eggs should be held at lower temperatures. Work at the 
Kansas Agricultural Experiment Station (Table 13-9) showed that excellent 
hatching results were obtained when turkey eggs were held between 55° F. 
and 60° F. for as long as four weeks. Eggs held at high temperatures undergo 
some embryonic development and are thereby weakened so that the per- 
centage of hatch is reduced. When eggs are held at low temperatures hatch- 
ability is reduced, though turkey eggs apparently resist cold better than do 
chicken eggs. Temperatures near freezing for a few days will completely de- 
stroy hatchability. The length of time turkey eggs can be held w,thout re- 
ducing hatching results is very largely dependent upon the temperature at 


which they are held. It has been shown that rough handling, which causes the 
air cells to become tremulous, reduces the hatchability of chicken eggs. No 
doubt turkey eggs are affected in a similar manner. Turkey eggs while being 
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Table 13-9 


EFFECT OF HOLDING TEMPERATURE AND AGE OF EGG ON HATCUABI LITY 
OF TURKEY EGGS 1 



Hatcbabiutt 

Dats Held 

j Temp. 36* F. 

| <1931) 

Temp. 54* F. ! 
1 (1931) . 

Temp. 5S-60* F. 
(1930) 

Temp. 60-75* F. 
(1929) 

1-6 

66 

71 | 

89 

72 

7-13 

52 

65 

90 

73 

14-20 

27 

75 

85 

45 

21-27 

6 

67 

84 

14 

28-34 

0 

61 

86 

6 


1 Kan. Art. Expt. Sta. Bui. 276. 


held before setting should be kept where the temperature is between 50° F. 
and 60° F. They should be held with the small end down in regular egg cases 
equipped with duck-egg fillers. Under the usual operating conditions they 
should not be held longer than two weeks. Turning by tilting the case is rec- 
ommended if the eggs axe held longer than one week. 

Management of the Incubator 

Poor hatches of turkey eggs are relatively more common than of chicken 
eggs. However, the cause is often found in the breeding stock or its manage- 
ment instead of in the incubation. There are, of course, incubation problems 
and the correct principles of incubation muse be applied if satisfactory lutchcs 
of turkey eggs are to be obtained. Many turkey growers are purchasing poults 
or having eggs custom hatched, thus eliminating their problem of incubation. 
With good hatchable eggs the modern incubator when properly operated will 
give equally as satisfactory results when hatching turkey eggs as when used 
for hatching chicken eggs. The principles involved are the same but the re- 
quirements are slightly different. 

Temperature. There are certain definite limits between which the tem- 
perature of the incubator must be kept if satisfactory hatching results arc to 
be obtained with turkey eggs. Eggs incubated in forced-draft incubators hatch 
well when kept at from 99° F. to 100° F., if the other requirements for incu- 
bation are satisfied. 

Humidity. For best results the relative humidity for incubating turkey 
eggs is near 60 per cent for the first t went)-- four days and 70 per cent for the 
last four days. Such humidity conditions produce about the correct evapora- 
tion from the egg and provide satisfactory hatching conditions. To obtain the 
above relative humidities in forced-draft incubators the wet bulb reading 
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in such incubators should record for the first twenty-four days of incubation 
a temperature of 12° F. below the dry bulb temperature reading, and for the 
last four days of incubation the difference should be 9° F. Work at the 
Kansas Agricultural Experiment Station indicates that the optimum loss of 
moisture from turkey eggs while being incubated is about 3.0 per cent or 
less per week or from 11 to 13 per cent for the first twenty-four days of incu- 
bation. 

Ventilation. Proper ventilation of the incubator and the incubator room 
are essential for successful hatches from turkey eggs. The developing em- 
bryos require air containing about 21 per cent oxygen and not more than 
1.5 per cent carbon dioxide. Since the oxygen requirements of the embryos 
increase as they develop, it is evident that ventilation must be increased, as 
the hatch progresses. Any increase in ventilation tends to reduce the relative 
humidity of the incubator. For best results at hatching time the incubator 
must be well ventilated and the humidity kept high. 

Turning. For satisfactory hatches turkey eggs must be properly turned 
while being incubated. With machines equipped with turning devices which 
require but little labor, the eggs should be turned at least five times daily. 
Developing embryos are sensitive organisms and therefore the turning of 
eggs or shifting of their position should be done with a minimum of jarring. 

Handling newly hatched poults. The newly hatched poults should not 
be exposed to temperatures lower than their hatching compartment until 
they have dried off. After they are "fluffed out,” they may be placed in boxes 
where the temperature is lower so that they may "harden.” The bottom of 
the box or tray should be covered with material which will prevent slipping 
and therefore the straddling of the legs. Poults may be held or shipped in 
regular chick boxes, placing from fifteen to eighteen poults in the compart- 
ments designed for twenty-five chicks. 

The production and sale of day-old poults. The production and sale of 
day-old poults has during the past few years made rapid progress. Turkey 
producers appear to be following the lead of poultry raisers who have quite 
largely turned to the purchase of day-old chicks instead of doing their own 
hatching. Many large turkey producers maintain breeding flocks which they 
use for producing poults for their own use and hatching eggs or poults for 
sale. The development of hatcheries which specialize in poult production has 
created a demand for turkey-hatching eggs which has stimulated the growth 
of hatchery supply flocks. The commercial production of day-old poults may 
be expected to increase, and such producers become the source of supply of 
most poults. 


Brooding 

Within the last fifteen or twenty years turkey raising has become highly 
commercialized and many growers now raise several thousand birds annually. 
Such large-scale operations are possible now because practical methods of 

artificial incubation and brooding have been developed (Fig. 13-8). 
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Fig. 13-8. Storting poulti vrith on «!ectric brooder. Note feed placed on egg-care filler flair 
to encourage eating the first few doyj. Small feeder* ond woterer* for young poults ore in 
place. 


Brooding Requirements for Turkeys 

Successful brooding of poults depends upon satisfying all of the essential 
requirements of the poults at this stage of their development. The environ- 
mental conditions necessary for satisfactory growth during the brooding 
period are proper temperature, adequate ventilation, sanitary quarters, and 
sufficient room. 

Temperature. The environmental temperature for poults must be con- 
trolled so that they are kept comfortable during the brooding period. For 
the first few days they should be confined by means of a guard near the 
source of hear so that they may learn where to go later to become warm, 
after the guard has been removed. Before the poults arc placed under the 
hover, the temperature should be adjusted to about 95° F. two inches above 
the floor at the edge of the hover of a fuel-burning brooder or under the 
hover of an electric brooder. The temperature should be reduced about 5° F. 
each week until hear is no longer needed. After heat is no longer needed 
during the day, it will be needed at night to prevent chilling and piling. 

Ventilation and humidity. Fresh air is necessary for normal growth and 
development. Ordinarily, a brooder house with an open from which has a 
muslin curtain for use in cold or windy weather will provide sufficient \cntila* 
tion. Faulty brooder stoves when operated in tightly dosed brooder houses 
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sometimes came carbon monoxide poisoning of poults. The condition of the 
ait in a brooder house can be judged best when one first enters it. Foul air 
generally can be detected by odors. 

Proper ventilation will help prevent dampness in the brooder house^One 
indication of poor ventilation in the brooder house is dampness. The brooder 
house should be kept reasonably dry at all times. However, an excessively dry 
brooder room causes poor feather growth and should therefore be avoided. 

Sanitation. The prevention of disease in turkeys depends quite largely 
on the sanitation program followed. The brooder and all equipment used 
should be cleaned often and kept in a sanitary condition at all times. 

Floor space. It is false economy to overcrowd poults in the brooder house. 
A good rule to follow is to allow for the first eight weeks at least one square 
foot of floor space for each poult. Each poult should also be provided with 
from 10 to 14 square inches of space beneath the canopy of the brooder 
stove. A brooder stove with a 52-inch canopy will provide room for 150 
poults. 

Brooding Equipment 

The equipment needed for brooding poults is quite similar to, and in 
many instances the same, as that used for brooding chicks. 

Houses. Movable colony brooder houses and permanent brooder houses 
are both used for brooding poults. A 10' x 12' colony brooder house will 
provide room for starting and brooding to eight weeks of age 125 poults. 
Permanent brooder houses are generally used by commercial turkey growers. 

Brooder stoves. Any brooder suitable for chicks (Fig. 13-8) can be 
used for starting poults. Colony brooder stoves are used in the small movable 
brooder houses and also in the individual pens of the long, permanent houses. 
Hot water brooding systems are very desirable for the long houses with many 
pens. Battery brooders are being used successfully by some producers for 
brooding poults as long as they need heat (Fig. 13-10) . 

Feeders and waterers. Poults should always have an opportunity to eat 
or drink when they so desire. The feeders and waterers used for chicks are 
satisfactory for poults. For the first eight weeks each poult should be pro- 
vided with two Inches of feeding space at such feeders. One fountain (one 
gallon size or larger) should be provided for each fifty poults. Both the feed- 
ing and watering space should be increased as the poults grow into larger 
birds. 

Roosts. Roosts should be placed in the brooder house by the time the 
poults are three or four weeks old. These roosts should be 1" x 2" l" x 3", 
or l"x4" laid flat and built on frames about one foot high, with poultry 
netting beneath them to prevent the poults from falling from the roosts and 
to keep them away from their droppings. 

Brooder Management 

Success in brooding turkeys depends quite largely upon the good judgment 
of the operator. The management practices followed are most important. 
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floor. Such floors are expensive and often rnconvement to move. 
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When placed under a canop) brooder, trie yo 




Fig. 13-10. Kongo shelters being moved to deon ground. 

a guard such as shown in Figure 1 J-9. This will teach the poults where to go 
to become warm. All corners should be rounded off to prevent piling. Poults 
should be taught to roost early as this will prevent piling at night. 

Rearing Turkeys 

Raising or growing turkeys after they no longer need heat and the pro- 
tection of a brooder house is a necessary part of any turkey production pro- 
gram. 

Confinement versus Range for Market Turkeys 

The raising of turkeys in complete confinement is more common now than 
a few years ago. Some advantages are (1) less loss from predators and adverse 
weather, (2) less labor required, and (3) closer supervision of the birds. 

The disadvantages are (1) greater investment in buildings, (2) difficulty 
in controlling outbreaks of disease, (3) poor feathering which hinders pick- 
ing at the processing plant and results in a less attractively dressed bird, and 
(4) bruised and torn backs. For these reasons, processors prefer birds raised 
on the range. 

Confinement is necessary if only a limited acreage is available or if the 
range is contaminated. 


coumtT umyijsm or xisjoujj 


Fig. 13-11. Turkeys browsing on mito. 


If range is used the turkeys should be limited with fences so that the range 
may be rotated (Fig. 13-10). Turkeys will remain near feed and water. 
Growing pasture on range will supplement the ration and reduce feed costs. 

In experiments at the University of Missouri, it was found that turkeys 
on range with mature milo available, made slower growth than turkeys on 
full feed in sod pasture (Fig. 13-1 1 ) . The amount of mash required was about 
the same but the grain fed in feeders (com) could be completely eliminated 
(Table 13-10). 

Missouri also reported another test in which turkeys 1 6 to 20 weeks of 
age feeding on milo pasture consumed 2.49 pounds of a 20% protein mash 
per pound of gain, and from 20 to 24 weeks of age, are only 1.9 3 pounds 
of mash per pound of gain. It should be noted that turkeys feeding on milo 
pasture need about two weeks longer than others until ready for market. 


Table 13-10 

FULL AND RESTRICTED RANGE FEEDING 18-24 WEEKS * 



Turkey* on full 

f<td on tod 

Tuxkrj-t on milo 
rinjte (other 
Sum restricted) 

Mash (2\% protein) consumed 

3555 lbs. 

3625 lbs. 

Corn consumed 

8968 

448 

Total feed consumed from /coders 

12523 

4073 

Total gain 

Lbs. feed (mash Sc corn) per lb. 

2349.7 

1673.5 

gain 

5.24 

2.43 

Mortality (%) 

Avg. gain in »t. by male* from 18 

1.9 

20 

to 24 weeks. . 

Avg. gain in wt. by female* from 

7.72 

5.72 

IS to 24 uccks 

3.42 

2.S5 
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Range shelters and roosts. Some growers use range shelters as joosting 
quartets for turkeys. In some cases roosts are provided on the roof of the 
range shelter as well as under the roof. Poults can be moved to range ear- 
lier if range shelters are used than if they have to roost in the open without 
any protection against the weather. 

Roosts are generally used but are not absolutely necessary tor turkeys. 
Some growers roost their turkeys on the ground. Investigations reported by 
the Wyoming Agricultural Experiment Station showed that four-inch poles 
were satisfactory roosts for growing turkeys. Two-by-fours laid flat and 
slightly tilted are good roosts. Narrow roosts increase the number of dented 
breastbones. Some producers build roosts on wheels so that they can be moved 
easily. Roosts placed on saw horses are satisfactory and can be moved easily- 
The roosting quarters, if permanent for the season, should be so arranged that 
the turkeys cannot get to the droppings. 

Yards for growing turkeys. Where a small number of turkeys are 
raised, it is advisable to confine them to limited range by using temporary 
yards. One acre of land on which there is good growing green feed will pro- 
vide enough range for 125 turkeys to market age. Movable fences, such as 
are generally used as snow fences along highways, make very good temporary 
fences for yarding turkeys. They should be moved about every two weeks 
and so arranged that about one-fourth of the acre is in the yard. 

Shade. In most sections of the United States turkeys need shade during the 
summer months. Trees and growing crops such as corn, grain sorghums, and 
sunflowers provide the best shade for turkeys. But if such shade is not avail- 
able, artificial shade should be provided. 

Protection against predators and thieves. Well-constructed wire fences 
will protect turkeys against dogs, wolves, and coyotes. Flares arranged near 
the roosts will scare most animals away, as well as thieves. 

Feeding Growing Turkeys 

Growth of turkeys. The growth rate of turkeys is higher than that of 
chickens, and as in chickens, growth is influenced by a number of factors. 
The producer of turkeys is interested in a relatively high rate of growth 
throughout the growing period so that economical gains may be obtained up 
to the age when the birds are marketable. A comparison of the sizes of turkeys 
cf different strains at various ages as presented in Table 8-8 shows wide 
differences. Heredity, therefore, is an important factor influencing growth. 

The ration used influences the rate of growth; however, the mature body 
weight is not materially different if the rations used maintain the health of 
the turkey. High protein rations produce more rapid early gains, but the 
adult turkeys at twenty-eight weeks of age are about the same size as those 
grown on a lower protein level. 

The weather is also a factor influencing growth. Turkeys grow slowly dur- 
ing hot weather, but later compensate for such retarded growth so that the 
mature body weight is about the same as if they had not been exposed to 
high temperatures. 
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Nutritive requirements for growth of turkeys. The nutritive require- 
ments of the turkey (Tables 8-4 and 6 and 13-6) are similar to those of the 
chicken but vary in some respects. The turkey is quite sensitive to nutritive 
deficiencies and the wise producer will use reliable rations as developed by 
the experiment stations and the commercial feed manufacturers. 

Protein requirements. The turkey requires a high protein ration for the 
first few weeks when the rate of growth is high. But as the rate of growth 
diminishes and the birds approach maturity, die protein content of the ration 
may be reduced (Table 8-4). Work done at different stations on this subject 
indicates that a ration containing 28 per cent protein for the first six weeks, 
20 per cent for next six weeks, and thereafter reduced to 15 or 16 per cent, 
by allowing the birds to choose mash or grain, provides the growing turkey 
with sufficient protein if that protein is of suitable quality. Meat scrap, fish 
meal, dried buttermilk, dried skim milk, and soybean oil meal are all suitable 
protein concentrates for turkey rations. 

Vitamin requirements. Turkeys have higher vitamin requirements than 
chickens and therefore their rations must be well fortified with vitamins 
(Table 13-6). 

Mineral requirements. Though it is apparent that turkeys must receive 
in their rations all of the mineral elements necessary to sustain life and stim- 
ulate normal development, ir is equally apparent that these elements are 
present in sufficient quantities in otherwise well-balanced rations if the birds 
have access to range so that no special mineral supplements are needed. For 
proof of this, witness the turkeys raised by a turkey hen on range. The princi- 
pal mineral elements needed by turkeys are calcium, phosphorus, sodium, 
chlorine, manganese, iron, iodine, potassium, and magnesium. But even un- 
der the conditions of commercial production, only the first five of these need 
be fed as special supplements (Table 13-6). Bone meal supplies calcium 
and phosphorus, salt supplies sodium and chlorine, and manganese sul- 
phate may be used as a source of manganese. ( For a more detailed discussion 
of minerals see Chapter 8. 

' Energy requirements. Normal body activity and functions require energy 
for maintenance, growth, and egg production (Table S-4). Fats, proteins, 
and carbohydrates may serve as sources of energy. Such carbonaceous feeds 
as the grains are the principal sources of heat and energy in the ration. 

Water requirement. Water is one of the most important nutrients for an- 
imal life. It constitutes by weight more than 50 per cent of the young grow- 
ing turkey, makes digestion and absorption possible, is an important con- 
stituent of the blood and lymph and thereby serves as a carrier of the nutrients 
and waste products of the body, and it aids the body in temperature regulation 
by providing a means of evaporation. 

Rations for growing turkeys. To promote satisfactory growth in tur* 
kej$ the rations (Table 13-7) must satisfy the nutritive requirements previ- 
ously discussed. Forrunarely these requirements can normally be satisfied 
with simple mixtures, if the turke)s have access to range uhcrc there is grow- 
ing green feed. 
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Turkeys raised on range where rhere is growing green feed . 
mash and grain per pound of gain because they consume considerable quan 
cities of green feed. Results reported by the Indiana and the Oregon Ag 
ricultural Experiment Stations show that male turkeys “ tlllze . f “ d m “ C 
efficiently than female turkeys from the eighteenth to twenty-eighth weeks 
(Indiana) and twenty to thirty-two weeks (Oregon). 

In studies which have been made at the Missouri Station, it has bee 
that males make more efficient gains than females after the 16th week of g 
and that from 17 to 30 weeks of age the males require both less protein an 
carbonaceous nutrients pet pound of gain than are required by females dur- 
ing the same period. These data are of course limited to the periods covered. 

Feed consumption of turkeys. The feed consumption of growing turkeys 
increases from about one and one-half pounds per bird during the first montn 
(four weeks) to approximately twenty pounds during the seventh montn 
(Table 8-8). The proportion of mash and grain which turkeys will con- 
sume, if they have their choice, varies with the protein content of the mash 
(Table 13-11). Evidently turkeys as well as chickens have the ability to 


Table 13-11 

RATIO OF StASH CONSUMPTION TO CRAIN CONSUMED BY CROWING TURKEYS 


Proportion or Mask to Scutch Comuycb During the Brooding and Rearing Period 


p 

1-4 

Week* 

5-8 

Weeks 

9-12 

Week. 

13-16 

Week. 

17-20 

Week. 

21-24 

Week, 

25-28 

Week. 

29-32 

Week. 

1-24 

Week. 

1-28 

Week. 

1-32 

Week. 

9-28 

Week* 

18 

96:4 

97:3 

90.10 

97.3 

90.10 

67:33 

39.61 


85:15 

74:26 


77:23 

20 

94 6 

97:3 

87:13 

87:13 

71:29 

46:54 

30:70 


72:28 

61:39 



22 

92.8 

94 6 

85.15 

89:11 

67:33 

47:53 

30:70 

24:76 

72.28 

62:38 

54:46 


24 

84.16 

88:12 

74:26 

77 23 

65.35 

48.52 

30:70 

20.80 

67-33 

58:42 

54:46 

59.41 

26 

91:9 

86 14 

79-21 

77:23 

61:39 

39.61 

27:73 


63:37 

54:46 


57:43 

28 

87-13 

82:18 

72:28 

70 30 

54 46 

33.67 

25:75 


57:43 

49-51 


51:49 

30 

84:16 

81.19 

70.30 

63:37 

48:52 

28:72 

26:74 


53:47 

46:54 


47:53 


* Dau from Turkey Manatcmml, by Maraden and Mama, 1939. By permission of The Interstate Printer* 
and Publishers. 


choose feeds which satisfy their requirements at a particular stage of develop' 
ment. 

Efficiency of gains made by turkeys. Turkeys are efficient meat-pro- 
ducing animals. During the first twelve weeks of their lives, turkeys will in- 
crease their body weight by one pound for each three pounds or less of feed 
consumed (Table 8-8). After the third month, the feed required to produce 
a pound of gain increases rapidly, rising to above seven pounds during the 
seventh month and as much as ten pounds for the eighth month. The turkey 
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producer is interested in the amount of feed required to produce a pound 
of marketable turkey. 


Marketing Turkeys 

Since turkey production is highly seasonal and the producing areas are 
located far from the largest cities (Fig. 13-13) the marketing of turkeys con- 
stitutes a major problem and sometimes taxes the facilities of the existing 
marketing agencies. 

Seasonal production. The turkey remains primarily a holiday bird; and 
fortunately, conditions in the major producing areas are such that the bulk 
of the turkey crop can be matured and finished most economically for the 
Thanksgiving and Christmas markets. While turkeys can be grown for mar- 
keting during any month of the year (Fig. 13—14), climatic conditions in the 
United States are most favorable for producing a turkey crop for marketing 
late in the fall and during the winter. Most of the turkeys consumed out of 
this natural marketing season are dressed birds which have been held under 
refrigeranon. The quality of these birds is usually superior to the freshly 
killed turkeys at that time. The proportion of the turkey crop marketed by 
months varies somewhat from year to year. If turkey prices advance from 
Thanksgiving ro Christmas, the following fall there is a tendency for the pro- 
ducers to hold turkeys for the Christmas market. If warm weather prevails 
during the fall months in the large producing areas, the birds will be slow in 
finishing, and therefore a larger proportion of the crop will be marketed lare. 

Table 13-12 shows the proportion of turkeys marketed by months. There 

Table 13-12 


TURKEY MARKETINGS: PROPORTION OF CROP (EXCLUSIVE OF BREEDERS) 
MARKETED IX SPECIFIED MONTHS, UNITED STATES. 1953 


GcoiripHul 

Dim&ioqi 

Before 
Aug 1 

Aug. 

Sept. 

Oct- 

Nov. 

Dec. 

J nftr f 

North Atlantic 

5.8 

3.5 

5.6 

8.2 

38.0 

30.8 

8.1 

East North Central. . . . 

3.6 

4.8 

100 

16.1 

37.8 

23.1 

4.6 

West North Central. . 

10.3 

8.2 

13.1 

21.1 

27.0 

17.1 

3.2 

South Atlantic 

16.9 

10.4 

14.4 

12.5 

26.7 

16.7 

2.4 

South Central 

3.2 

2.3 

24.4 

12.5 

28.4 

24.2 

5.0 

V> Mt 

8.0 

6.1 

13.5 

16.9 

29.9 

19.1 

6.5 


,s a growing tendency to market turkeys throughout the year, but the bulk 
of the crop continues to be marketed in November and December. 

Turkey Production and Consumption in the United States. The num- 
ber of turkeys produced in the United Stares increased from 31 million in 
1948 to 7S million in 1958. The per capita consumption increased from 3-6 
pounds to 5.6 pounds during the same period. The midwestern states produce 
a surplus of turkeys while most other regions base a shortage (Fig. 13-12). 






Fig. 13-12. Turkeys raised by papulation. 1938. Stoles below the U. S. average ((M3) 01,1 * 
shaded ore deficit areas. 


The per capita consumption per person in 1958 amounted to only 0.46 turkey* 
Selecting birds for market. Many turkey growers sell their entire crop at 
one time and sometimes before all the birds are ready for marketing. 
lacking finish or having immature plumage should be held until they wtU 
dress into good market specimens. Only fat turkeys free from pinfeathers com- 
mand the best prices. Immature turkeys lacking finish are frequently sent to 
market, where they sell for less than the cost of producing them. If these birds 
had been kept by the producer until they were mature and finished they would 
have commanded higher prices and returned a profit to the grower. While 
it is more difficult to grade live turkeys than the dressed birds, an experienced 
turkey raiser can select those birds which are finished. The birds which are 
ready for market have mature plumage; they are well-fleshed, as shown by 
a well-covered breast, pinbones, and back; and they are well covered with 
fat, as shown by a light cream-colored skin on the breast. Some turkeys, such 
as those with extremely crooked breastbones and deformed backs, should be 
used at home instead of being sent to market. By selecting for market only 
those birds which are finished, the grower can increase his net returns from 
turkey raising. 

Catching market turkeys. The producers of turkeys lose thousands of 
dollars annually because of bruised carcasses resulting from improper han- 
dling while the birds are being caught and cooped. Much of this damage can 
be avoided by the use of some simple equipment and by handling the birds 
carefully. For small flocks the best procedure seems to be to drive a few 
birds at a time into a small pen and pick the birds up by grasping them by 
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the wings near the body, instead of grabbing them by the legs and throwmg 
the birds on the floor or ground and thereby bruising the breas • 

Where large flocks are raised a catching chute is mdisp “’“L^h 
13-13 shows a movable catching chute. The birds can be i dr. * inch 
a chute and tapidly caught without bruising or otherwise damaging *e ». 
keys. Producers who have changed to the use of the; “ 
less efficient methods repott a marked improvement n th r qua “y of 
birds they market, because bruises have been practically el.mina . 

Methods Used in Marketing Turkeys 

Turkevs are sold by producers direct to consumers, to local buyers, and to 
JmiSon merchants, co-operative poob and through packers on a cusiom 

dr Dlre« marketing. Since most turkeys are niiscd far from -he large centers 
of population only a very profitable outlets have 

been^es-ekped by^rSuccrs^aho^ell dressed turkey 

r/r^ 

"1n h ,I Mid d dkW«t mit of^he turiTeys are ‘sold alise to 
die^ X^ng plants. The birds ate trucked to these 
they are killed and otherwise prepared for marker. 1 

once important purclvasets of bo.h dressed and l.se turkeys ate longer 
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important marketing agencies. Local poultry buyers who purchase both poul- 
try and eggs purchase some turkeys from the nearby producers and send them 
to the concentration packing plants. Most turkeys arc now picked up at the 
farm by trucks. 

Losses in preparing turkey for consumption. The losses vary with 
the strain, size, and finish. Small birds have a higher percentage of shrinkage 
than large ones. The range varies from about 18 to 25 per cent resulting from 
loss of blood, feathers, head, feet, shanks, and inedible viscera (Table 7-Ap- 
pendix). Turkeys provide a higher percentage of cooked edible meat than 
other species of poultry (Table 9-Appendix and Fig. 13-15). 

For estimating prices for blood- and feather-dressed turkeys and for full- 
drawn birds, the producer may assume that for each 100 pounds of live turkey 
there would be 90 pounds after blood and feather dressing and abour 75 to 
80 pounds after the birds were full drawn. This loss in weight plus the cost 
of dressing (Table 12—33) and drawing would have to be charged to the 
dressed and drawn birds. 

Cooling. Failure to properly cool dressed turkeys results in lower quality, 
and sometimes the birds become unfit for food. The internal body tempera- 
ture of the birds should be lowered to at least 40° F. before they are packed 
in boxes. This will require from twelve to twenty-four hours cooling (Fig- 
11— 21) after dressing. Government graders arc not permitted to grade tur- 
keys unless the birds have been prccooled to 40° F. or unless the grader 
supervises the cooling after grading. 

Grades and grading. Turkeys are more generally graded and sold accord- 
ing to the federal grades than are chickens (Table 13-14) , 


Table 13-13 

RESULTS OF THE TEXAS RANDOM SAMPLE TURKEY MEAT PRODUC- 
TION TEST 1958. 


Percentage Hatch of all eggs 
Mortality to 26 wks. 

Live wt. hens (22 wks) . 
Live wt. (26 wks) 

Range toms . . . 

Confinement toms 
Dressing percentage 

Hens (22 wks) 

Tom* (26 wks) 

Feed conversion 

Hens (22 wks) 

Tom* (26 wks) 

Grade A 

Hens (22 wks) 

Toms (26 wks) 


B B B. Breeder 
Replacement 

B B. Bronze 
Commercial 
Entnea 

B B.B. Strain 
Cron Entnea 

B B. White 

Breeder 

Replacement 

53 0 

57.2 

47.4 

56.2 


8.4 

5.5 


14 6 

14.5 

14 8 

13.4 

26.7 

27.4 

269 

25.3 


26.3 

26.3 

24.1 

81.1 

79.9 | 

80.6 1 


. S2.3 

82.7 

82.8 | 

82.1 

344 

3.45 

3.50 

3.41 

3.56 

3.51 

3.54 

3.59 

97.5 

96.6 

98.5 



92.3 

96.1 

93.4 
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Cost of Producing Turkeys 

The cost of producing turkeys (Table 12—32) influences greatly the profits 
from raising market turkeys. A Missouri study on 64 flocks showed the cash 
cost distribution as follows: feed, 77.8 per cent; poults, 1(5-9 per cent; and 
other cash costs, 5.3 per cent. 


Turkey Diseases 

The prevention and control of diseases and parasites is necessary if turkey 
raising is to be profitable. Major shifts of the industry have occurred because 
of the ravages of disease. Turkey raising, once an important industry in the 
East and Middle West, was almost completely abandoned in many areas be- 
cause of losses from blackhead. The industry shifted to the West and South- 
west where climatic conditions were more favorable for the control of black- 
head. New discoveries made in recent years on the prevention and control of 
blackhead have made turkey raising again profitable in the East and Middle 
West, and the industry appears to be shifting to those areas which are nearer 
the principal markets. 

The control of turkey diseases and parasites depends primarily on sanita- 
tion. The essentials of a sanitation program for raising turkeys may be briefly 
summarized as follows: Grow clean poults in clean houses with clean feed and 
water, and maintain clean range where the poults are raised. Such a program 
implies much but it will insure healthy turkeys. 

If an outbreak of disease occurs, someone properly trained and familiar 
with the diseases of turkeys should be consulted at once. The veterinary de- 
partments of the state colleges of agriculture and state departments of agricul- 
ture are generally equipped to diagnose turkey diseases and advise as ro the 
control measures which should be applied (See Chapter 9). 

Mortality in Young and Adult Turkeys 

Though the death loss in both young turkeys and among breeding stock has 
been declining in recent years losses are still too high, especially in young 
stock grown to market age. Those who can keep these losses below 10 per 
cent (Table 13-13) will find turkey raising more profitable than those who 
experience heavier losses. The control of losses from diseases and parasites is 
essential io success in growing turkeys. 

Blackhead. This disease probably causes greater losses in turkeys than all 
other diseases (Fig. 9-14 and 15) . It is caused by a protozoan organism v.hich 
may be carried by either chickens or turkeys. The blackhead organism will 
live only a few hours outside the fowl’s body unless contained within cecal 
worm eggs, in which case it may survive and remain infectious for turkeys 
for several months. Young turkeys less than three months old are most sus- 
ceptible to attacks of this disease. The disease affects the liter and the most 





Cull and lean: 1 I Free ( 3 inches 3 inches I 6 inches No limit 



n«e». akin bruiaei. and decolorations 

1 ,nJ " * Uc5 * »'«• do »°« fender any part ol the catcasi unfit for food. 
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noticeable symptom, found when turkeys having blackhead are killed and 
examined, is an enlarged liver covered with sunken ulcerlike areas. Poults 
raised by artificial methods, away from chickens and old turkeys on ground 
where neither turkeys nor chickens have ranged or their droppings have been 
spread during the past two years, seldom suffer from blackhead. If an outbreak 
of blackhead occurs, the best program to follow appears to be as follows: 

( 1 ) Remove all sick birds from the flock, and either kill or confine these birds 
away from the healthy birds; (2) Clean the houses, thoroughly scrubbing 
them with hot lye water; (3) If convenient, confine the flocks to houses and 
wire-floored sun porches for several days, cleaning the house daily; and (4) 
Move the healthy birds to clean range. If the birds are too large to be confined 
in brooder houses, they may be moved directly to clean range. There are 
drugs available that are helpful m treating this disease (p. 316). 

Pullomm disease. Turkeys have probably been infected with pullorum 
disease by their association with chickens. Many flocks of turkeys are, as yet, 
free of the disease and until recent years very few reactors were found in tur- 
keys. It has been shown that poults hatched in incubators with chickens which 
have pullorum disease also suffer outbreaks of this disease. 

Turkeys which have pullorum disease may be detected by the tube aggluti- 
nation test. 

This disease in turkeys can be controlled by testing the breeding stock and 
removing all reactors to the disease, then incubating the eggs either away from 
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Fig. 15-15. Cut-up parts of a turkey (see Table 7, Appendix). 


chicken eggs or only in incubators where chicken eggs from flocks tested for 
pullorum disease are hatched. 

Coccidiosis, Though turkeys do develop coccidiosis, they are not so suscep- 
tible to this disease as are chickens. Methods of control and the symptoms of 
the disease are quite similar to those described for chickens. (See Chapter 
9.) The organism causing coccidiosis in chickens does not cause coccidi- 
osis in turkeys, and vice versa. The most effective method of control appears 
to be daily cleaning for several days after an outbreak of coccidiosis so that 
the organisms cannot undergo the twenty-four-hour incubation period outside 
of the body of the turkey which is necessary for them to become infectious. 

Several effective drugs are now available for preventing and treating out- 
breaks of coccidiosis. 

Trichomoniasis. This disease, because the symptoms are somewluc similar, 
may be confused with coccidiosis. It is only within recent jears that tricho- 
moniasis has been recognized as a distinct disease of turkeys and the causative 
organism identified. This disease usually affects poults irom six to ten weeks 
of age. The most common symptoms are listlessness and jdlow, foamy, and 
semi-liquid droppings. The California Agricultural Experiment Srarion in 
1937 made the following recommendations for the prevention and control of 
this disease. 

1, Asoid all contact of poults with chickens and adult turkeys. 

2, Brood by artificial means on new ground or with brooder equipment having 
cement floor or wire platforms in both the houses and yards. Purchase, if 
possible, the entire brood at one time and early in the season. 
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3. Use a sane, sound management program. The brand of feed is of Uttle im- 
portance. If the feeding method used in previous years was successful, suck 
to it, 

4. Keep visitors out of the brooding pens. . 

5. Do not visit the turkey yards of any other grower. Discuss your problems witn 
him on the street corner or at his home, not in his turkey yard. 

6. If disease breaks out, get an accurate diagnosis. Send or take some of the sick 
specimens to a diagnostic laboratory, and do not accept a field diagnosis until 
it has been confirmed by the laboratory. 

7. Avoid all drastic treatment until the laboratory diagnostic report is received. 
The treatment should then be based on the laboratory findings. 

Other diseases and parasites. Turkeys are afflicted with many of the 
other diseases and parasites of chickens, which are described in Chapter 
9. Some of the more common of the other diseases which affect turkeys 
are botulism, fowl cholera, fowl pox, colds, roup, fowl typhoid, and tuber- 
culosis and paratyphoid. Turkeys are infested by cecum worms, gap eworms, 
roundworms, and tapeworms. They are attacked not only by lice but also by 
mites and ticks. 
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Chapter 14 


Ducks, Geese, and 
Miscellaneous Poultry 

When speaking of the poultry industry, one generally has chickens 
in mind. In the preceding chapter, the increasing importance of the tur ey 
industry was pointed out. There are other species of birds classed as pou try 
that are of considerable economic importance. The chief ones among them are 
ducks and geese. Pigeons and guineas are also of some importance. 

Ducks 

The duck industry. According to the 1955 census, there were 11 million 
ducks raised in the United States in 1954. The industry has just about held 
its own during the last thirty years. 

The greatest numbers of ducks are raised in the following states, listed m 
order of production: New York, Michigan, Illinois, Massachusetts, Wiscon- 
sin, Pennsylvania, California, and Ohio. Commercial duck raising has been 
developed most extensively in New York. The number of ducks kept, in 
proportion to the total population, is much lower in the United States than 
in most other countries. The relative number in Great Britain, Ireland, and 
New Zealand is several times larger than in this country. 

Intensive duck farming on a large scale has been more successful than in- 
tensive chicken raising (Fig. 14-1). Ducks stand confinement well, are more 
easily brooded, and are less subject to disease than ate chickens. 

Ducks are raised primarily for meat purposes. They are especially adapter 
for this on account of the rapidity of growth (Table 8-8) , hardiness, and eas- 
of handling. Duck raising, as a business, is limited, for the demand for dud 
meat is not so steady nor its popularity so great as for chicken. Summer re 
sorts and large cities with a foreign population make the best markets. 

The demand for duck eggs is very limited. They are larger than chickei 
eggs, bur bring about the same price or less. They find some use in the bakin 
industry. 

Breeds of ducks. There are eleven standard breeds of ducks which hav 
been admitted to the American Standard of Perfection. Most of them has 
descended from the mallard, or wild duck, which is widely distributed, ran£ 
ing from eastern Asia to North America. The duck was first domesticated i 
Asia. The ancestors of most of our present breeds were imported from thex 
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The breeds of ducks may be divided into meat, egg, and ornamental classes. 
Tie meat clots includes the Pekin, Aylesbury, Muscovy, Rouen, Cayuga, 

Buff, and Swedish breeds. , ,, „ 

The Pekin is by far the most popular. It was introduced from China about 
1873. This breed is kept almost exclusively by commercial duck farmers 
throughout the United States. , 

Other meat breeds are not so well adapted to commercial or general farm- 
ing. The Aylesbury is not so hardy as the Pekin. The Muscovy ducks vary in 
size. They Le not easily confined by ordinary fences. The Rouen matures 

slowly and has dark pinfeathers. , , 

The Kbaki-Campbell, developed in England, is a cross between the large 
meat breed Rouen and the egg breed. White Indian Runner As is name 
indicates it has a khaki color. Egg production resembles that of the 
but the size is somewhat greater. The males may be marketed at 12 to 13 
weeks at five pounds average weight. It has not yet been recognized * 
standard breed by the American Standard of Perfection. However, recogm- 
tion may be expected in the near future. i 

The egg class includes only one breed, the Runner (Fig. I+-3J. 
called the Indian Runner. It was probably developed in Belgium andHolian 
There are three standard varieties of Runner ducks: the Fawn and White, th 

White, and the Penciled. , 

All the varieties have the same shape, but differ in plumage color 
breast is full, the body is long and narrow, sloping graduaUy "nto theneck an 
carried erect with no indication of a keel, the body rcsembhng somewhat ^t 
of a penguin in shape. The Runner duck is much smaller than 
meat type, the adult drake having a standard weigh, of four and one-lulf 


Fig. 14-2. Largs duck form on long liland. 


pounds and the duck four pounds. They are among the best Ja)ers of all the 
American standard breeds of ducks and hold the same relative position in the 
duck f amil y that the Leghorn does among the breeds of chickens. This breed 
lays a good-sized white egg, considerably larger than a chicken egg. Runner 
ducks are active, are good foragers, nonsitters, and hardy. Their skin is yellow 
and they make fair broilers, weighing from two and one-half to three pounds 
at about six weeks of age. They are not adapted for the production of large 
green ducks, but may be kept to produce ducklings of broiler size. 

The ornamental class includes the Call, Crested White, and Black East India 
breeds of ducks. 

The Call is small and may be considered the bantam of the duck family- 
The ornamental breeds are kept for exhibition and are used as decoys in wild 
duck shooting. The other ornamental breeds are also small. 

Characteristics of ducks. Ducks have certain characteristics which class 
them as waterfowls and differentiate them from land fowls, such as the chicken 
and turkey (Fig. 14-6) . 

The duck is provided with short legs and webbed feet. These are assets in 
swimming. The bill is covered by a soft, sensim e membrane and edged with 
horny plates. Solid food material obtained from the water may be held and the 
water forced out through the plates. The feathers are concave toward the body 
and have a thick, soft covering on the under surface. They are well greased, 
and this helps to keep water from reaching the ski a The duck is further pro- 
tected from the cold by having a thick layer of fat beneath the skin. This acts 
as a body insulator. 

The duck does not have so large a percentage of edible muscle meat as the 
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chicken (Table 9, Appendix). The meat is dock. The keel is flat and boat- 

''"Duck breeding Duck breeding for useful purposes in thrs country has 
been confined larfely to breeding Pekin ducks for meat p.oduct.on. 





Fig. 14-5. Flock of breeding ducks and breeding house. 


,EAR 


TOE ' FOOT 

Fig. 14-6. Nomenclature of lb# mol* duck. 
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WING BOW — 
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BREAST — 
BODY — 
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KEEL — 
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V THUMB FEATHERS 
\ \ FLIGHT COVERTS 
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SHANK ' 
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FLUFF | 
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Fig. 14-7. Growing ducks. Top, brooding in a multiple-unit house. The brooder hovers ore 
under the track and walk. Note the low pen partitions. (U. S. D. A.) Center, feeding duch* 
on range. Note the track and car for hauling feed. Bottom, outside runs in connection with 
a multiple-unit brooder house. (Courtesy C. M. Ferguson.) 
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Selection of breeders is usually made each year from the young ducks before 
the flock is marketed. The males can be identified by the middle rail feathers, 
which are curled up. Breeding ducks are selected for good length, width, and 
depth of body, and early maturity. Stock showing signs of coarseness are dis- 
carded. Heavy birds with very deep keels have a tendency to take on too much 
fat and are likely to show low egg production, poor fertility, and lack of vigor. 
Most ducks are kept only through their first laying season, as young ducks are 
better producers and lay earlier than older ones. 

Mating of breeders is usually done in flocks (Fig. 14-5). One male is used 
for every six or seven females, inbreeding is generally practiced. This may ac- 
count for the poor hatchability that is often encountered. 

Before much progress can be made in duck breeding, it will be necessary to 
trap-nest ducks; make pen matings; keep the breeders more than one year; 
and use the families of birds that have the best production, hatchability, and 
livability records. 

Incubation of duck eggs. The incubation period for duck eggs from most 
of the breeds is twenty-eight days. Muscovy duck eggs require a thirty-three- 
to thirty-five-day incubation period. 

Duck eggs are generally hatched in incubators and under the same condi- 
tions used for hatching chicken eggs (Fig. 14-4). More moisture is required 
at hatching time than is generally used for chicken eggs. Directions of the 
incubator manufacturer should be followed until experience has shown that 
improvements can be made. 

Brooding ducks. Ducks are easier to brood than chicks or turkeys. They 
do not require so much heat or heat for so long a time. The ducks are removed 
from the incubator as soon as the hatch is completed. They are taken to the 
brooder house as soon as possible, placed under the brooder, and given feed 
and water. 

About 100 to 150 ducks are placed in each pen and under each brooder. The 
temperature under the hover should be about 90° F. the first week, 85° F. 
the second week, 75° F. the third week, and about 65° F. the fourth and fifth 
Weeks. When the birds are about six weeks old, they are transferred to the 
fattening shed where no artificial heat is used. 

Straw or shavings make a very good litter for the brooder house. A guard 
should be placed around the brooder, one or two feet away from it, to keep 
the ducks from wandering away from the hear until the)' become accustomed 
to the brooder (Fig. 14—7). 

The pen should be cleaned every week or ten days. 

Housing ducks. The house should be located on well-drained soil A 
chicken house is satisfactory for ducks. Shed-type houses are often used < Fig. 
14*7). It is desirable to allow from four to six square feet of floor space for 
each breeding duck. Breeders are kept in flocks of from about 75 to 250. 

Straw or shavings make satisfactory litter. The house should be cleaned as 
often as necessary to keep it clean and dry. Proper ventilation in the duck 
house, as in the chicken house, will help keep the place comfortable. 
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No perches are provided for ducks or other waterfowl because it is n 
nature to roost. They rest oo the floor. , n 

Nests are generally provided which are made like stalls. They arc about 
inches wide, and 18 inches deep, and separated by boards about 12 10 “ 
high. The partition boards are nailed to a strip about 5 inches high, w * 
forms the front of a row of nests placed against the back or side of the ui 
ing. Some breeders provide no nests, but allow the birds to lay on the oor. 

Troughs are generally used for water and mash boxes for feed. 

Breeding ducks are generally provided with outside range (Fig* 14— )• 
When the range is limited or the farm large, the yards are limited to about 
one hundred feet in length and the width of the pen. If they extend into 3 
stream, it will aid in keeping the place more sanitary. Fences about two feet 
high will hold ducks in their respective yards. 

Feeding ducks. The quantitative nutritive requirements of ducks have not 
been carefully studied. Rations suitable for chickens (Chapter 8) appear 
to give satisfactory results when fed to ducks. The mash may be fed in the 
form of pellets, in dry ground form, or as a wet mash. 

Starting rations generally contain 18 to 20 per cent protein (Table 14-1)* 
They are generally fed the first two or three weeks. 

Grouping rations generally contain 16 to 18 per cent protein (Table 8-4). 
They are generally fed from three to six weeks. 

Finishing rations generally contain about 16 per cent protein (Table 8-4). 
They are generally fed from about the sixth week until the ducks arc mar- 
keted, which is around the tenth to twelfth week. 

Growth rate and feed consumption ate shown in Table 8-4. A 5 -pound 
duck may be produced in seven to eight weeks. 

Breeding duck rations are also believed to be about the same as those 
required for chickens (Table 14-1). 

When the young ducks are selected for the breeding flock they are gen- 
erally kept on a low protein bulky ration until about three or four weeks be- 
fore hatching eggs are wanted. Free access to a growing mash and grains will 
suffice for this purpose. The mash may be limited to hold back egg produc- 
tion. The birds should be fed a breeding mash (Table 14-1) and grain, if 
the mash and system of feeding calls for it, about three or four weeks before 
hatching eggs are wanted and during the hatching season. 

Breeding mashes may be fed in the form of pellets or as dry mash. Feed- 
ing all or a part of the mash in the form of pellets is preferred to feeding * r 
as wet mash. In grain and mash feeding, it is often necessary to limit the 
grain in order to obtain adequate mash intake. 

Ojster shells or limestone grit are kept before the layers at all times. 

Lights may be used to stimulate egg production, as in the case of chickens. 
Duck diseases. Ducks are not so susceptible to diseases as are chickens. 
Possibly this may be accounted for on the basis of selection. The breeders are 
picked out on the basis of vigor during the growing period. Another possible 
explanation is the fact that ducks have been accustomed to living in large 
numbers under rather unsanitary conditions. This unfavorable environment 
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Increments 


Starter (1) 
0-2 WEEKS 


Ground wheat 

Wheat shorts — . 
Wheat middlings . 
Ground j el low cor 
PuUerized oats .. 
Ground barley. . . 
Dehydrated green 

feed 

Meat meal (50% 

protein) 

Fish meal (65% 

protein) 

Dried whey. 

Soybean meal 
(44% protein)... 
Ground limestone 
Dicalcium phos 

phatc 

Iodized salt 

Vitamin A supple- 
ment (10,000 
I.U./gm.) . 
Vitamin D» (15 
I.CU./gm.) ... 
Manganese sulfate 
(feed grade) 
Vitamin Bu (6 
mg./lb.).. . 


Riboflavin 

Niacin 

Antibiotic. 


Market (2) I Breeder (3) 


500 

200 

200 

300 


210 

20 


0.5 

1.0 


0.25 

1.0 


grams 


20 

4-10 


Grower (2) 


600 

200 

200 

300 

340 


50 


30 

40 


130 

20 


20 

10 


0.5 

1.0 

0.25 

1.0 


Starter (I) 
0-3 weeks 


Analysis 
Crude protein % IS 
Productive energy 
calories/lb 900 


grams 

2 

20 


500 

200 

200 

300 

220 


SO 

60 


300 

50 


30 

20 


0.5 

2.0 

0.5 

2.0 

grams 

3 

20 

20 4 
7S0 


600 


400 

220 

200 

60 

40 

50 

40 

340 

20 

20 

10 


0.5 

1.0 

0.25 

1.0 

grams 

2 

20 

4-10 


Grow er (2) 


19.1 

934 


400 

230 

200 

60 

40 

20 

40 

260 

20 

20 

10 

0.5 

1.0 

0.25 

2.5 


300 

240 ’ 
200 
400 
100 

200 

40 

SO 

30 

290 

50 

25 

20 


0.5 

2.0 

0.25 

2.0 


grams 

2 

20 


17.0 

949 


grams 

3 

20 


19.9 

754 


• Poultry Feed Formula*. Ontario Agricultural College. 19SS 
(!) AU-ma>h 

(2) \la»h and gram* fed free choice 

<J) Math fed »ith an tvjual amount ol sra.nt 


through the years may have resulted in the establishment of a natural immu- 

nit)* against disease. „mri„ce chickens and chicken eggs 

Some farmers who have been unable t P production of ducks and 

profitably, because of disease, have chan £ cd to the producr.on ot ducLs 
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duck cpcs. The,- are usually successful in raising the ducks, but often End 
themseiies handicapped because of a lack of a good matket. , 

One should not get the intptession that ducks ate entirely immune from 
disease. They ate troubled by keel disease, pneumonia, and some other 

'"'tiTji mat is indicated by lack of activity, loss of appetite, diarrhea, and 
heavy losses within a few hours. The trouble generally occurs in hot weatner. 

It results from eating moldy or decayed feed or litter. To eliminate the trou » 
renew the liner in the house, fill up the filthy puddles in the yards with sand, 
and feed fresh mash that is free from mold. 

Pneumonia, colds, or bronchitis may be indicated by a sticky coat, watery 
eyes, wheezing, and sniffling sounds when breathing. This respiratory trou e 
results from overcrowding, poor ventilation, exposure, and overheating. 

Marketing ducks. Since ducks are raised primarily for meat production, 
duck meat is the chief duck product marketed. 

Ducks arc generally marketed when 6 to 8 weeks old. The New York 
market prefers a duck that weighs about five and one-half pounds. 

The ducks should not be held after the long tail feathers have reached their 
full length. If held longer, the birds go through a kind of molr, the gains are 
poor, and the quality of the meat is of lower value. 

A V-shaped trap made of panels of fence, into which the ducks arc driven, 
saves much handling of the ducks. The birds arc handled by the neck. There 
is considerable loss in weight when ducks arc marketed alive. Most of them 
arc sent to market dressed. 

Ducks being dressed arc hung up by the feer, the jugular vein severed in 
the throat below the base of the skull (Fig. 11-10 and 11), the bird scalded 
at about 1*10° F. for two to three minutes and the feathers removed on a pick- 
ing machine similar to those used for picking chickens and turkeys (Fig. U" 
13). Some processing plants remove most of the feathers as described, then 
dip the bird in hot dcfeathcring wax at about 130° F., then into cold water, 
and finally remove the wax on a picking machine. The wax may be melted to 
strain out the feathers and used over again. 

The ducks are cooled, eviscerated, and packed for market under conditions 
used for chickens < Chapter 11) The market classes of ducks arc listed on 
p 3S3 Large emes provide the best markets. 


Geese 

Crese. like ducks, arc raised primarily for meat production. They are hardy 
an! caw and cl-eap to raise on general farms, since they will get almost all 
tlvc feed need from a gcx*J pasture. Ccrse are raised in all sections of the 
United Stairs, b-t most of ttxm arc produced in the North Central states. 
Ccrse nuke up only about 5 per cent of the poultry raised in tlic United 
States. 

11 reeds of gccvc. litccds of gerse in the United States arc descended 
fiuca the wild gra* pjtnc and have teen domesticated for many centuries. 5 l * 
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Fig. 14-8. Breed* of geese, left, Emden; right, Toulouse. 

breeds are recognized as standard in this country, namely, To ^°^ c ’ ’ 

African, Chinese, Canada, and Egyptian. The breeds found on m0 ' 
crossed or mixed breeds and several pounds lighter than the standard breds. 

The Toulouse (Fig. 14-8) is the larges, and most popularbreed of ge^ 
Tire adult gander weighs twenty-six pounds and the adult g V 

pounds. This breed has a broad, deep body, and rs loose ** 

of rhe plumage is dark gray on the back, gradually shading to light gray edged 
with white on the breast, Li to white on the abdomen. The Toulouse will lay 

from fifteen to thirty-five eggs a year. , , , Fi 1 4 _ 8 ) . 

The Emden is a pure white, closely feather** breed of gee i ( S- 
The adult gander weighs twenty pounds and tte ^ P°^ ^ 

Emden docs not lay quite so many eggs as the ou ’ 

The other breeds of geese are of „iscd in small 

Breeding and management of geese. Cj £ J » 

numbers on general farms. They are very hardy and no, sub,« * » ™n>J»- 
eases. They thrive well on pasture ^^ed^ ^ ^ ^ ^ 

and vigor. Medium-siaed birds are the most des-raHe. Th^ * ou ' d “ “ “ 
several months before the breeding season. B.rdsshordd lx 
when hatching eggs arc wanted in the spring- G £ 

from j ear to year unless the birds will noenut*^^ ^ ^ jtock ^ 

It is difficult to determine sex in geese, pec y > * shrill, 

gander is usually somewhat larger and coarser than the goose and has shnii. 
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high voice, while the female has a harsh, coarse cry. The gander has a longer 

nC (3eese III *£Lj be readily scxed by physical examination of the Venn 
Place the goose on its back and press the sent wall between the tw g 
The hard genital eminence may be felt to protrude. 

A gander may be mated with from one to four geese, but patr or mo mat 
ings usually give the best results. A young gander rs usually mate d wuh oriy 
one or two geese. Hock or pen matings may be used. Four to twenty-fivege 
may be ranged on an acre of ground. Fences two or three feet high P 

geese confined to a given range. , . , e _- nnt i 

Toulouse and Eraden geese breed and produce some stock in the s 
year, but do not mature or give best results before the third year. Females may 
be kept until eight to ten years old and ganders until six or seven 

Geese are allowed to make nests on the floor of the house or in large boxes 
or barrels, or shelters scattered on the range for that purpose. Goose eggs 
should be gathered daily, kept in a cool place, and hatched under a hen, goose, 
or in an incubator. From three to seven eggs may be set under a hen, or ten to 
fifteen under a goose. Eggs set under a hen should be turned by hand as they 
are too large for the hen to turn. The period of incubation of goose eggs vanes 
from twenty-eight days in the small breeds to thirty-four or thirty-five days to 
the large breeds. . 

Goslings may be brooded with a hen, a goose, or with an artificial brooder. 
If brooded in the spring, when pasture is good, they will need only heat for a 
week or so. Goslings should be kept dry and out of water until they are two 
to four weeks old. 

Artificial incubation. Studies made at Ohio State University indicate that 
the following practices will result in good hatchability. 

1. Turn eggs completely over at least once daily and preferably four times. 

2. Incubate the eggs at 99 to 99-5° F. in a forced-draft incubator. 

3. Maintain a high humidity, especially during the hatch. A wet bulb read- 
ing of 94° F. should be maintained during the hatch. 

4. Dip the eggs in lukewarm water for about a minute twice weekly. 
Feeding geese. Geese ate generally raised where they have a good grass 

range or pasture, and, except during the winter months, usually pick up most 
of their living. The pasture may be supplemented with light feeds of home- 
grown grains, depending upon the condition of the pasture. Geese rations 
are listed in Table 14-1. 


Breeding stock should be fed grain and roughage during the winter, when 
pasture is not available. Oats make a desirable grain feed. A limited amount of 
corn, wheat, or barley may be used. Silage may also be used. In the early 
spring, the geese should be fed a mash feed in addition to the roughage and 
grains, in order to stimulate egg production. Any satisfactory chicken laying 
mash may be fed. Oyster shells or limestone grit should be kept available 
for eggshell formation 

Goslings may be fed a mash when raised in confinement. When raised 
on green grass range, they may be fed a mixture of grains mixed with liquid 
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skim milk or buttermilk to make a crumbly mash. When goslings are raised 
in small numbers on good pasture, they will need little or no grain or mash 
feed after they axe abour three or four weeks old. Whole grains should not be 
fed until the goslings are well-feathered. 

Finishing geese for market involves fattening them. They may be range or 
pen fattened for about a month before going to market. The birds are given 
all the corn they will clean up in addition to the mash. The pens should be 
kept partly darkened and the birds disturbed as little as possible. An increase 
in weight of from four to six pounds can be obtained by this method of 
feeding. 

Marketing geese. There is some demand for young geese from June to 
January, but most of them are sold at Thanksgiving and Christmas. Ten- 
weeks-old goslings may weigh as much as ten to twelve pounds and are mar- 
keted as green geese. If not sold at this age, they should not be sold until about 
five months old. Large cities containing a considerable foreign population are 
usually the best markets for geese. 

Geese are usually killed and picked in the same manner as other kinds of 
poultry, but are much more difficult to pick than chickens. Care should be 
taken in handling geese ar market time as the flesh bruises easily. After killing 
and bleeding, the feathers are generally removed following scalding. After 
geese have been picked, they are generally washed and put in ice water to 
cool. 

Feathers have been plucked from live geese for centuries. They are usually 
picked in the spring or fall, or both times. The feathers are removed only 
when the quills are dry and do nor contain blood. Jure before the molt is a 
good time ro pluck rhe feathers. About a pound of feathers may be obtained 
from a goose during a year. The demand for goose feathers has been declining 
in recent years. 

Goose livers are mixed with pork, flour, butter, and spices and sold under 
the name of "Patty” and other trade names. 

Weedcr geese is a term applied to goslings and geese used primarily far 
weeding a wide variety of crops and plants. Weeding with goslings is nor new, 
however, greater use in recent years has promoted large scale hatchery produc- 
tion for goslings. Geese are selective in consuming grass which they prefer 
over many broadleaf plants. Young goslings that are five to six weeks of age 
arc preferred to mature geese for weeding purposes. 

Pigeons 

Pigeons are kept in all parts of the United States for squab production, 
messengers, and exhibition ( Fig. 14-9 ) . 

There is a demand for squabs, especially in large cities, to take the place of 
game. The chief difficulties in squab production are in finding suitable mar- 
kets for the small amount of squab mear produced by individuals and in find- 
,n 8 suitable stock for producing big squabs. 

Breeding pigeons. There are many breeds of pigeons, but only a few of 



Fig. 14-9. A pigeon house. 


economic value for squab production. The Homer is probably the most popu- 
lar breed of pigeons. It is prolific, hardy, active, and quiet in temperament. 

It is difficult to determine by casual observation the age and sex of pigeons, 
and this makes it difficult for the buyer to determine the value of the stock. 
The medium-sized breeds of pigeons which do not raise at least six pairs or 
squabs annually to market age should be either culled or remated. Good pi- 
geons for breeders have a white or pinkish-white skin and light-colored legs. 
Pigeons are most valuable as squab producers when two to five years old. 

Pigeons mate in pairs and usually remain with their mates throughout life, 
although the mating may be changed if desired. To bring about the mating 
desired, place the male and female in a coop and leave them there for six to 
fourteen days, or until they become sealed. 

The pigeon hen lays an egg, generally skips a day, and then lays again. The 
male generally sits on the eggs during the middle of the day, and the female 
the remainder of the time. The incubation period for pigeon eggs is about 
seventeen days. 

Feeding and management of pigeons. Squabs are reared and fed by both 
of the parent birds on a thick, creamy mixture called pigeon milk, produced in 
the ciops of the pigeons. Pigeons usually feed their squabs shortly after they 
themselves are fed. 

Pigeons are not fed any mash or green feed. They are fed a ration of whole 
grams and supplied with water and grit. A grain mixture advocated by the 
U. S. Department of Agriculture (Farmers’ Bui. 684) is as follows: 


Whole yellow corn 30 lbs. 

Kafir or milo 25 lbs. 

Cowpeas or field peas 20 lbs. 

Hard red wheat 20 lbs. 

Vetch or hemp seed 5 1)35 


The grain should be fed twice daily, the birds being given all they will eat. 
Pigeons should not be disturbed more than is absolutely necessary. 

Pigeons may be raised in any available building when kept in small 
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Fig. 14-10. A poir of Whita King breeders entered in the New Jersey pigeon-breeding con- 
test, with o poir of sqoobs. The record of this poir woi 19 squabs in a year, weighing 383 


ounces. 


groups. Tlie quarters should be dry, well ventilated, and provided with plenty 
of daylight. Pigeons arc allowed two and one-half to three and one-half square 
feet of floor space per bird. Not more than forty pairs should be kept in a 
single pen. 

Nearly all pigeons kept for squab production are confined by the use of an 
outside fly or yard covered with wire which is built on the south side of the 
house (Fig. 14-9). 

The interior fittings should consist of 3 double nest for each pair of breed- 
ers, nest, bowls, and feed hoppers. Nest compartments should be 12 inches 
high, 16 inches deep, and 24 inches wide, divided into two parrs. A box of 
straw may be kept in the pen so that the pigeons may build their own nests. 
The feed hoppers and drinking vessels should be co\crcd with wire in such a 
way tbac the birds cannot get in them. Shallow' bath pans should be kept in 
the yards and the birds allowed to use them, except in cold weather. 

Marketing squabs. The production of squabs from each pair of breeders 
varies from one or two to as high as ten or eleven pairs a jear. Homer squabs 
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generally weigh eight to eleven 
pounds per dozen- They gain two- 
thirds of their mature weight m 
four weeks. Squabs are fed by 
their parents until marketed. They 
are sold when three or four 
weeks old, before they can leave 
their nests. Squabs are in good 
condition when fully feathered 
under the wings. 

Squabs are killed and dressed 
much like other poultry. 


Fig. 14-11. A Pearl guinea fowl. Gtittl&tS 

The guinea fowl is often used as a substitute for game birds, such as grouse, 
partridge, quail, and pheasant. 

Most of the guineas are raised in small numbers on general farms of the 
Middle West and southern states. 

Guineas might be more popular were it not for their harsh and seemingly 
never-ending cry, and their bad disposition. 

Guineas are found in the wild state in Africa. They have been domesticated 
and scattered throughout the world. Of the three domesticated varieties, the 
Pearl is by far the most popular. It has a purplish-gray plumage, dotted or 
"pearled” with white (Fig. 14-1 1 ) . 

Like quail and most other wild birds, guinea fowls have a tendency to mate 
in pairs. However, one male may be mated with three or four hens. If given 
the freedom of the farm, the birds generally hide their nests. They may lay 
twenty or thirty eggs in the spring of the year before going broody. The in- 
cubation period for guinea eggs is twenty-eight days. They may be hatched 
in incubators and brooded under brooders, using the same procedures as used 
for chickens. 

Guineas are fed in much the same manner as chickens. If given a chance, 
they forage well and can be depended upon to secure much of their food from 
weed seeds, grass, insects, and worms, when kept in small numbers. 

The marketing season for guinea fowl is during the late s umm er and falL 
The demand is for young birds weighing from one and one-half to two 
pounds each. They are killed and dressed in much the same manner as chick- 
ens. 

Pheasants 

Pheasants are generally classed with game birds. However, they are closely 
related to the chicken structurally and may be produced in a similar manner. 
A brief discussion of the pheasant business will therefore be included here. 
Pheasants are generally raised for stocking farms reserved for hunting by 
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sportsmen. The ring-neck 
pheasant imported from 
China is the most popular of 
several varieties. 

Pheasants may be propa- 
gated much like chickens. 

However they need to be 
placed on the ground, fed 
whole grains, and given a 
chance to become acclimated 
to natural plant and shrub- 
bery protection before being 
turned loose, usually at eight 
to ten weeks of age. 

Pheasants reproduce well 
under natural conditions if 
protected on a game preserve 
and supplied with some sup- 
plemental whole grains. 

Pheasants lay eggs in the 
spring and early summer. 

The incubation period is 23 
to 24 days. Pheasants may be 
started in a battery or on the 
floor with a hover. Brooding 
practices for pheasants are 
much the same as for chick- 
ens. 

Peafoivls 

Peafowls once had some 
importance as food for man, but now they are kept almost entirely for 
ornament (Fig. 14-13). 

Tlie native home of the peafowl is in India. The birds like range and 
shrubbery or trees for a home. When confined to yards with sheds for shelters, 
they should be some distance from the house because the birds are noisy, 
especially at night. 

Four or five hens may be mated with one cock bird. The birds start to lay 
the second year and may lay five to nine eggs per year. The eggs may be in- 
cubated artificially or under hens. The incubation period is twenty-eight to 
thirty days. The young birds may be brooded artificially or with hens. 

Peafowls arc generally fed a ration consisting largely of grains and green 
feeds. When given freedom of a range, the birds wall secure most of their 
food from weed seeds, grass, insects, worms, etc. 



fig. 1-4-12. Ring-neck pheoionl. (Doming by Sim.) 




COVMIST rlSM »d wilBliri imict, o. t. tmim.i or im immoi 

Fig. 14-13. The peafowl. 

Swans 

Swans are kept largely for ornamental purposes and probably should not 
be classed as poultry. They are more common in European countries than w 
the United States. 

Swans are very hardy and need no protection except in extremely cold 
weather. They live in pairs and remain faithful to each other until death- 
Swans make nests of sticks and rubbish and lay from six to eight large 
greenish-white eggs each year. The incubation period of swan eggs is about 
six weeks. 

Swans live on water plants, soft roots, and insects, under natural condi- 
tions. They may be fed the same kind of food fed to other poultry. It should 
be supplemented with green succulent feed. 

Swans live to be very old. The females will breed for thirty years, and the 
males have been know n to live for more than sixty y ears. 
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Appendix 


Agricultural Colleges and Experiment Stations in the 
United States and Canada 

Agricultural colleges and experiment stations offer publications covering 
many agricultural subjects, including poultry. A list of the available bulletins, 
circulars, leaflets, etc., and information regarding them may be obtained from 
the institutions. Except where otherwise noted, the state experiment stations 
in the Voiced States are at the colleges of agriculture. 

UNITED STATES 


Alabama 

Auburn 

Alaska 

College 

Arizona 

Tucson 

Arkansas 

Fayetteville 

California 

Berkeley 

Colorado 

Fort Collins 

Connecticut 

College and 
station 

Storrs 

Station 

New Haven 

Delaware 

Newark 

Florida 

Gainesville 

Georgia 

Athens 

Hawaii 

Honolulu 

Idaho 

Moscow 

Illinois 

Urbana 

Indiana 

Lafayette 

Iowa 

Ames 

Kansas 

Manhattan 

Kentucky 

Lexington 

Louisiana 

Baton Rouge 

Maine 

Orono 

Maryland 

College Park 

Massachusetts 

Amherst 

Michigan 

East Lansing 

Minnesota 

St Paul 

Mississippi 

State College 

Missouri 

Columbia 

Montana 

Bozeman 

Nebraska 

Lincoln 

Nevada 

Reno 

New Hampshire 

Durham 

New Jersey 

New Brunswick 


New Mexico State College 
New York 
College and 

station Ithaca 

Station Geneva 

North Carolina Raleigh 

North Dakota Fargo 

Ohio 

College and Columbus 

Station Wooster 

Oklahoma Stillwater 

Oregon Corvallis 

Pennsylvania State College 

Puerto Rico Rio Ptedras 

Rhode Island Kingston 

South Carolina Clemson 

South Dakota Brookings 

Tennessee Knoxville 

Texas College Station 

Utah Log an 

Vermont Burlington 

Virginia Blacksburg 

Washington 
College and 

station Pullman 

Station Puyallup 

West Virginia Morgantown 

Wisconsin Madison 

Wyoming Laramie 

United States 

Department of Washington, 
Agriculture D. C 


CANADA 


Quebec 

Dominion De- 
partment of 
Agriculture 


Macdonald Col- 
lege 


Alberta Edmonton 

British Columbia Vancouver 
Manitoba Winnipeg 

Nova Scotia Truro 

Ontario Guelph 

Saskatchewan Saskatoon 

ABSTRACT JOURNALS 

Hundreds of scientific publications which contain agricultural information 
indudine poultry are published annually. The data from the bullet, ns and 
S3Jin brief abstracts and published in spectal abstract 

journals. Some of these are as follows. 

Biological Abstracts. Philadelphia, Pa. 

Chemical Abstracts. Columbus, O. , „ , 

International Review of Poultry Science. Rotterdam. Holland. 

Poultry Digest. Hanover, Pa. 

World's Poultry Science Journal, Columbus, U. 

POULTRY INDUSTRY DIRECTORIES 

Annual Directory. Better Farming Methods. Wat. Publishing Co.. Mount 
Annuaf directory. County Agent and Vo-Ag Teacher. Ware Bros. Co. 

aSK^ - ** ^ “"s M °‘ nt 

AnnuS Dbtctory Issue. Turkey World. Watt Publishing Co. Mount Morris. 

£°Whoin h W 

St., New York 7, N. Y. 

PERIODICALS 

Many publications regularly or frequently contain articles on poultry prod- 
ucts. Some of these are: 

Agricultural Marketing. U. A-» A. ^ ^ 

Agricultural Research. U. S. D. A. A. R. S. 

American Egg and Poultry Review 
American Hatchery News 

American Journal of Veterinary esc .1 

American Veterinary Medical Assouan on Journal 

Avian Diseases 

Biochemical Journal 

Broiler Producer 

Broiler Growing 

Broiler World ei . 


Canadian Journal of Agriculture 

Canadian Poultry Review 

Cornell Veterinarian 

Egg Producer 

Eggsaminer 

Endocrinology 

Everybodys Poultry Magazine 
Farm Journal 

Federation Proceedings. Fed. Am. Soc. Exp. Biol. 

Feed Age 

Feed Situation. U. S. D. A., A. M. S. 

Feeds tuffs 

Food Engineering 

Food Processing 

Food Research 

Food Technology 

Foreign Agriculture. U. S. D. A. 

Genetics 

Hatchery and Feed 

Journal of Farm Economics 

Journal of Nutrition 

Magazine of Ducks and Geese 

Modern Packaging 

Modern Poultry Keeping 

National Food Situation. U. S. D. A., A. M. S. 

Nulaid News 

Nutrition Abstracts and Reviews 
Nutrition Reviews 
Pacific Poultr)tnan 

Poultry and Egg Situation. U. S. D. A., A. M. S. 

Poultry and Eggs Weekly 
Poultry Digest 

Poultry Processing and Marketing 
Poultry Science 
Poultry Supply World 
Poultry Tribune 
Quick Frozen Foods 
Successful Farming 
Turkegram 
Turkey World 

World's Poultry Science Journal 

SUGGESTED PROCEDURE FOR REVIEWING THE LITERATURE ON POULTRY 
SUBJECTS 

L SOURCES OF INFORMATION — REFERENCES AND ABSTRACTS 
A GENERAL AGRICULTURE 

1. Bibliographic InJcx: A cumulative bibliography of bibliographies. 
Semiannual with annual and four year accumulations. Lists alphabetically 



by subject separately published bibliography and btbhography . cued 
monographs and journals. Includes agricultural and sc.ent.fic b.bhograph.es 
in about 1500 periodicals including many in foreign languages. 

2 Biological Abstracts: A comprehensive abstracting and index ng |0 
nal of the world’s literature in theoretical and applied bit *gr. e^usn-e o 
clinical medicine. Twelve issues per year plus annual author and sub e„ 
livWs An indispensable reference work for all workers in biological 

Sd TW„«! A cumulative subject index » agriculuual peri- 

odicals. books and bulletins. Issued monthly except 'n Sept«nb«. Api cal 
subject index to mote than a hundred periodicals and .o bu tains, lx»ksand 
p ublicat ions of agticulmral departments, experiment stations, extension 

services, agriculmral societies and other agencies. ^ Agriculmre Library. 

4 Bibliography of A f“!* ure - D ^ of A gncul.ure publications, state 
Issued monthly. Check lists of U. £ “ ? n ° and S sta , e agriculmral extension 
agticulmral experiment smtion publica “ inJ(ste | monthl y by author 

mSannuaUyby Smtidmtj'ecu £ moil comprehensive single index to 
agricultural literature. 

B. POULTRY SCIENCE 

The field lacks a 

principal abstracting journals containing p y J 
previously reported under general agriculture are. 

5. Animal Breeding Abstracts: Poultry and egg^ ’ 

genetics, physiology of the egg, reproduction and sex. Issued quanet.y 

Edinburgh, Scotland . Fccdin „ and nutrition of poultry 

6. Nntntwn Abstracts and Rei • f ° ucd uaner ly at Aberdeen, 
and chemical composition of poultry pr 

“ ed Science Abstracts: Processing and composition of poultry prod- 
Ctami";, composition and analysis o, poultry 
products and poultry feeding stuffs. 

C VETERINARY MEDICINE 

Biological Abstracts, Bibliography ofAgri^n^Chcmiml Abstracts and 
Bibliography of Agriculture, previously described, and. 

9. Quarterly Cumulative Index Medicus. 

10. Current List of Medical Literature. 

D FOOD AND NUTRITION 

Bibliography of AgrmuUurc . 

Nutrition Abstracts and Reviews and Food 
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E. SOCIAL SCIENCES (ECONOMICS AND STATISTICS) 

Agricultural Index and Bibliography of Agriculture, previously listed, and: 

11. Agricultural Statistics. Issued annually by the U. S. Department of 

Agriculture. , , TT e 

12. Statistical Abstract of the United States. Issued annually by tne 
Department of Commerce. 


1L PROCEDURB 

1. Find out what has already been done before starting work on a problem. 

2. Look in the abstract journals or bibliographies for references. 

3. Look in the current issues of journals, and as far back as one to two 
years for the most recent references. Abstracts of articles are slow in appear- 
ing in abstract journals. 

4. Check the references at end of the articles against those found m the 
abstract journals or vice versa to be sure that none has been missed. 

5. Record each reference on a separate card or page. This will facilitate 
the checking for duplications and make it possible to group references m 
separate sub-headings. 

6. Record the references according to the style used in Poultry Science 
unless otherwise specified. Complete listing at the time will avoid the neces- 
sity of looking up the reference again when writing a report, thesis or manu- 
script for a journal article. 

7. Abstract the articles on the abstract cards or pages and read those care- 
fully that are of special importance. 

POULTRY PERFORMANCE TESTS IN THE UNITED STATES * 

EGG PRODUCTION 

California Official Random Sample Egg Laying Contest. Modesto 

Storrs Egg Laying Test. University of Connecticut, Storrs 

Florida Nauonal Egg Laying Test and Florida Random Sample Test. Chip^T 

Iowa Multiple Unit Poultry Test. 409 Vi Douglas Ave, Ames 

Minnesota Random Sample Test. Stillwater 

Missouri National Egg Laying Test and Missouri Official Random Sampl e 
Poultry Test. Mountain Grove 

New Hampshire Multiple Unit Egg Production Test. University of New 
Hampshire, Durham 

New Jersey Random Sample Egg Laying Test. Rutgers University, New Bruns- 
wick 

Central New York Offiaal Random Sample Poultry Test. Cornell University. 
Ithaca 

Western New York Official Random Sample Test. Cornell University, Itha** 

New York Egg Laying Test- Farmingdale, Long Island 

North Carolina Poultry Random Sample Test. North Carolina State College. 
Raleigh 

Penns) 1 vama Random Sample Laying Test =2. Harrisburg 

* Hatchery and Feed 35 (2) 86-SS, 1959 
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tthnrlp Tclaful Epp Laving Test. University of Rhode Island, Kingston 

Laying ^University Tennessee Kno^k 

Texas Random Sample Egg Production Test. Texas ASM College, College 

Intermountain Random Sample Egg Laying Test. Utah State University, Logan 
Wisconsin Chicken Random Sample Test. Oregon 

BROILER PRODUCTION 

Arkansas Meat Performance Broiler Test Fayetteville Modesto 

California Official Random Sample Chtcken Meat Produoton Tme Modestu 
Georgia Broiler-Breeding and Testing Pro,ect. Umverstty of Georg.a, Athens 
Maine Production and Broiler Test. Augusta , Amherst 

Massachusetts Chicken Broiler Test. Universtty of Amh “' 

Michigan Broiler Test. Michigan State University, East Lans g 
Montana Broiler Test. Montana State Cota^lJow®"* Durham 

New Hampshire Broiler Test. ^i^Univetdty of Tennessee, Knoxville 
Tennessee Random Sample Broiler Test. U >7 . - n Collene 

Texas Random Sample Meat Products Test. Texas A A M College, college 

Station 

turkey PRODUCTION 

Massachusetts Turkey Test, 611 State 

Minnesota Central Random Sample y 

Cenna^Turke^Meat Production Tests of Nebraska, University of Nebraska. 

North Dakota Central Random Sample ^“'p^J^vknirDcparuncnt of Agri- 
Central Turkey Meat Producnon Test ot ren , 

culture, Harrisburg M Production Test, Texas A & M 

Texas Central Random Sample Turkey mca 
College, College Station 
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Table A-2 

INCUBATION PERIOD FOR DIFFERENT 
CLASSES OF POULTRY * 



Class 

Da>s 


Chicken 

21 



28 


Duck (Muscovy) 

35-37 


Goose 

28-32 


Turkey 

28 


Guinea 

26-28 


Pheasant 

21-24 


Peafowl 




42 


Pigeon 

Swan 

18-20 

42 


Table A-3 

DIGESTIBILITY AND ENERGY VALUE OF POULTRY FEEDS 


Feeds 


Alfalfa meal 

Alfalfa meal 

Animal fat 

Barley 

Blood meal 

Bone meal, steamed 
Buttermilk, dried. -• 

Corn, whole or cracked 

Corn, ground 

Corn, gluten meal 
Cottonseed meal (4% , 

Distillers solubles (corn, dried), 
Fish meal (6.8% fat) 

Kafir 

Linseed meal (4.5% 

Meat and bone scrap * (°- 3 ‘0 

^t) • 

• 

Oats 

Peanut meal (7.5 % fat) ■ 

Rice, rough 

Rye 

Skimmilk, dried . . 

Soybean meal (0 6% f al ) 
Soybean meal (1.2% (*0 
Sojbcan meal (5% f*0 
Sunflower seed 
Tankage (S% fat). ... • 


Total 

Protein 
Per cent 


Digestible 
Protein 
Per cent 


•Titus. Scit 


,ufic leed* r.g 0< ** >tU 


17 
20 
0 
11 
SO 
13 

32.5 
9 
9 

41 
43 
25 
60 
11 
34 

SO 

10.5 
11 

43 
8 

11.5 
34 
50 

44 
41 
16 
60 

The lB«et.u«* **»««• DiS 
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11.1 

17 

0 

8.1 

72 

11.7 
26.3 

6.8 

7.1 

33.2 

31.8 
20 
54 

9 

21.1 

45 

8.9 

S 

32 3 
59 
77 

27 5 
40 
35 2 

33 2 
106 
51 


Total 
Digestible 
Nutrient* 
Per cent 


19.9 

36.0 
207.0 

66.9 

73.6 

24.9 

72.2 

79.6 

81.3 
60.5 

64.4 

75.2 

69.2 
79 9 

35.5 

65 

81.4 
61 

60.1 
64 6 
70.1 
72 2 

64.5 
62 2 
6S3 
667 
67 2 


Productive 
Energy 
Cal., lb. 


217 

385 

2878 

813 
1014 

305 

7S6 

1079 

1105 

821 

S00 

1020 

941 

1032 

507 

874 

1099 

810 

S56 

7S6 

886 

599 

790 

761 

833 

865 

814 


Metaboliz- 
able 
Energy 
Cal. /lb. 


298 

588 

3960 

1256 

1417 

421 

1314 

1514 

1547 

1177 

1160 

1440 

1324 

1523 

696 

1239 

1552 

1133 

1016 

1213 

1324 

1302 

1149 

1104 

1215 

1160 

1284 




DIGESTIBILITY AND ENERGY VALUE OF POULTRY FEEDS (cont’d.) 


Feed* 

Tout 
Protein 
Per Cent 

Digetlible 

Per Cent 

Toul 
Digetubte 
Nutrient* 
Per Cent 

Productive 

Energy 

Cal./ib. 

Metaboliz- 

able 

Energy 

CaL/Tb. 

Vegetable oil 

o 

0 

207 

2878 

3894 


12 

9.5 

73.4 

897 

1386 

Wheat bran 

15.6 

9.5 

41.1 

494 

766 

Wheat middlings, standard. . . 

16 

11.5 

56 

694 

1051 

Whey, dried.. .. 

12.5 

10.1 

72.4 

616 

1249 

Yeast, brewers’ dried 

45 

33.8 

63.1 

572 

1207 


Table A-4 


CHEMICAL COMPOSITION OF POULTRY PRODUCTS (PER CENT) 


1 1 g| 

E 

Asa 

(MlfTCKALl) 


Carrohydrater | 


Crude 

Fiber 

Nitrogen 
Free Ettract 

New-laid egg, entire. . . . 

65.9 

100 

12.8 



1 10.6 

Chick at hatching time | 

78.8 | 

1.9 

15.3 1 



4.1 

Broiler, entire bird.. 

65 8 

3.9 

23.2 



5.6 

Leghorn hen, entire fowl 

55.8 

100 

12.8 



10.6 

Feather meal . . . 

5.8 

18 S 

87.0 

3.9 


13.1 

Poultry by-products meal 

61 

17 0 

54.6 



14.9 

Poultry blood meal . . 

67 

88 

65.3 

08 


11.4 




Table A-6 

EGG EQUIVALENTS 


Site ol eggi— Uie in recipe* 

Peewee 

Pullet 

Medium 

Large 

Extra 

Large 

J “ bo 

No. of whole eggs per cup 

7 

6 

5 

4 

4 

3 

No. of egg whites per cup 

10 

9 

S 




No. of egg yolks per cup 

21 

19 

17 

14 



Ounces per egg without shell . 

1.2 

1.4 

1.7 

2.0 


2.1 


Shell, frozen and dried egg equivalents 
One pound of: 

Frozen or liquid whole egg 
Dried whole egg 

Dried yolk 
Dried albumen 
Liquid whole egg 

Dried whole egg 


is equivalent to: 

10.2 shell eggs 
3.6 lbs. liquid whole egg or 
36 (3 dozen) shell eggs 
2.25 lbs. liquid yolk 
7.3 lbs. liquid albumen 
.55 lbs. liquid white and 
.45 lbs. liquid yolk 
.25 lbs. dned white and 
.75 lbs. dried yolk 


Dried and shell egg equivalents 
Dried whole egg 
ffVt|4« l 


Equivalent to shell eggs 
I'olume I 


2 ozs. 

6 ozs. 
1.5 lbs. 


2.— 2.5 tablespoons 

1 pint 

2 quarts 


1 egg 
12 eggs 
50 eggs 


Table A-7 


PERCENTAGE OF SHRINKAGE OF POULTRY FROM DRESSING AND EVISCER- 
ATING, BY KIND AND CLASS OF POULTRY 


Approximate Sheik race fi 


Weight 


Chickens - 

Broilers and fryers 
Roasters 

Hens (stewing chickens) 
Turkej s 

Fryer-roasters 
Hens and toms 
Hens and toms 
Ducks (all classes) 

Geese (all classes) 

Guineas (all classes) 


Pounds 
Under 4 
4 and os er 
All weights 

Under 10 
10 to under 20 
Oter 20 
All weights 
All weights 
All weights 


Per Cenl 

10 to 12 
9J to 11.. 
10 to 11 

10 to 12 

9 to 10 
9to9i 

10 to 12 
10 to 13 
10 to 12 


Per Cent 

30 to 35. 
28 to 35. 

31 to 36. 

28 to 31. 
21 to 28. 
20 to 23. 
28 to 33. 
25 to 30. 
. 28 to 35. 


1 The figure* in thi* title i 


ingei in shrinkage percentage* obtained from a number of eonuneraa* 
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Table A-8 


AVERAGE WEIGHTS OF PARTS OF CARCASS OF WHITE PLYMOUTH ROCK 
COCKERELS AND PULLETS KILLED AT DIFFERENT WEIGHTS, 
EXPRESSED IN PERCENTAGE OF THE EMPTY WEIGHT 7 



Males 

Female* 

Males 

Female* 

Male* 

Female* 

Approximate slaughter 







weight 

2 

2 

4 

4 

6 

5 

Age in days 

103 

73 

169 

189 

250 

219 

Percentage “fill”. .... 

2.6 

4.8 

3.4 

2.6 

2.9 

3.7 

Empty weight in grams. . . 

967 

915 

1725 

1787 

2509 

2245 

Offal 







Feathers 

4.8% 

7.2% 

7-8% 

8.5% 

8.1% 

7.5% 

Blood 

4.8 

3.7 

4.2 

3.3 

4.2 

3.5 

Head 

3.4 

3.1 

3.1 

2.7 

2.8 

2.4 

Shanks and feet 

5.8 

5.0 

5.5 

3.7 

4.5 

3.6 

Total offal 

18.7 

19.0 

20.6 

18.2 

19.7 

16.9 

Viscera 







Heart 

.48 

.49 

.42 

-4S 

.45 

.45 

Liver 

2.3 

2.5 

2.1 

1.7 

2.0 

1.9 

Kidneys 

.64 

.68 

.5 

.53 

.52 

.62 

Pancreas 

.3 

.31 

.21 

.24 

.18 

.22 

Spleen 

.2 

.26 

.17 

.18 

.16 

.21 

Lungs 

.43 

.46 

.53 

.45 

.45 

.40 

Testicles 

.03 


.09 


.26 


Digestive tract 

11.9 

11.4 

8.6 

9.4 

7.9 

8.6 

Total viscera 

16.2 

16.1 

12.6 

12.9 

12.0 

12.4 

Dressed carcass 







Skin 

7.3 

8.0 

7.4 

9.2 

7.6 

100 

Neck 

3.9 

3.8 

5.7 

2.9 

3.4 

2.7 

Legs above hock . 

20.2 

18.3 

22.1 

19.3 

22.2 

19.0 

Wings 

6.4 

62 

6.6 

5.4 

5.9 

5.4 

Torso 

22 0 

24.0 

24.6 

29 3 

26.4 

30.2 

Total dressed carcass 

59.9 

603 

64.3 

66.1 

65 6 

67.3 

Total bone in dressed carcass 

19.1 

17.6 

19.1 

15.0 

16.7 

14.7 

Total flesh and fat in dressed 







carcass 

33.4 

34.0 

36.0 

41.0 

40.2 

41.8 

Total flesh, fat, and edible 







viscera 

40 7 

41.9 

42.0 

47 0 

45.9 

47.6 


> Jll Agr. El pi. St*. Bui WM, a„4 E tt and Poultty Mat aunt. 46 JOJ 1940. 
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Table A-9 


THE PERCENTAGE OF PARTS, COOKING LOSS AND EDIBLE MEAT OF 
CARCASSES AND PARTS OF DIFFERENT SPECIES AND CLASSES 
OF POULTRY * 



Crick ens ! 

T«.« E *s J 

Wat es.ro wt 

Obsckvatiok 

Broilers 

Rock 

Heat 

L lfen« ,n 

L"„. 

Small 

Duclti 

Geete 









Ready-to-cook wt. (lbs.) 

3.1 

4.9 

2.8 

22.6 

6.7 

4.9 


Fat rendered out in 








cooking (%) 

1.0 

10.2 

5.9 

5.6 

1.6 

21.4 

6.2 

Cooking loss including 








fat (%) 

24.5 

32.7 

33.7 

32.3 

24.0 

44.5 


Cooked edible meat ex- 








elusive of fat (%) 

51.0 

46.1 

46.2 

56.7 

54.0 

38.4 


Legs and Thighs 








Weight (lbs.) 

1.0 

1.4 

0.8 

5.2 

1.6 

1.1 

1-6 

% of Carcass 

32.0 

28.4 

27.7 

23.0 

23.9 

22.4 

21.6 

Cooking loss (%) 

24.5 

37.0 

38.0 

33.7 

26.0 

45.1 

34.0 

Edible meat (%) 

53.0 

49.2 

48.6 

53.5 

57.0 

43.9 

47.4 

Breast 








Weight (lbs.) 

0.8 

l.l 

0.7 

8.3 

1.6 

1.5 

1.8 

% of Carcass 

26.0 

23.2 

24.5 

36.7 

23.9 

30.6 

24.3 

Cooking loss (%) 

23.8 

34 4 

37.9 

27.2 

27.0 

48.5 

39.3 

Edible meat (%) 

63.2 

59.1 

55.7 

67.7 

65.0 

43.3 

47.7 

iVtngs 








Weight (lbs.) 

0.4 

0.5 

0.3 

2.1 

0.9 

0.5 

1.2 

% of Carcass 

13.0 

9.4 

10.3 

9.3 

13.4 

10.2 

16.2 

Cooking loss (%) 

17.4 

27.6 

25.8 

30 8 

15.0 

25.4 

26.0 

Edible meat (%) 

49.7 

48.9 

47.8 

48.7 

47.0 

38.2 

35.7 

Back and Ribs 








Weight (lbs.) 

0.5 

1.1 

0.6 

4.1 

1.3 

1.1 

1.6 

% of Carcass 

16 0 

22.1 

21.7 

18.1 

1.9 


21.6 

Cooking loss (%) 

25.0 

41.1 

38.8 

37.3 

25.0 

47.3 

38.3 

Edible meat (%) 

41.2 

43.6 

43.7 

45.0 

41.0 


32.8 

Neck 








Weight (lbs.) 

0.1 

0.1 

0.1 

0.6 

0.2 


0.5 

% of Carcass 

30 

30 

3.2 

2.7 

3.0 


6.8 

Cooking loss (%) 

26.7 

27.8 

23.7 

34.8 




Edible meat (%) 


49.7 

48.8 

43.2 




Giblets 








Weight (lbs.) 

0.2 

0.2 

0.1 

0.9 




% of Carcass 

6.0 

4.4 

5.1 

40 

7.0 

6.1 

12.2 


•Winter nod clement*. J. Am. Dietetic Assoc- 33 &00 1957. 
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Table A- 10 


COMPARATIVE COSTS OF EDIBLE PORTION OF CHICKEN, EGGS, TURKEY 
AND SOME CUTS OF BEEF & PORK 


Kud or Meat 

Avekace Weight Raw 

Average 
Cook ca 

Oeveuxd 

4-1S-5S 

Ready 
to Cook 
(Bone in] 

Bone 

Edible 

Portion 

Only 

Edible 

Por- 

After 

Cook- 

ing 

Edible 

Por- 

Com- 

pated 

Ready 

Cook 

Retail 
Price 
Ready 
to Cook 

Cott of 
Cooked 
Edible 
Portion 

BeeJ — Chuck Roast (d) 


Lbs. 

Lbs. 

Lbs. 

Lbs. 

Per 

Per 

Per 







cent 

Lb. 

Lb. 

S samples 


4.16 

1.70 

2.46 

1.63 

39.2 

S .59 

$ 1.51 

Round Roast 









2 samples 


3.8 

.0 

3.8 

2.13 

56.0 

.86 

1.54 

Pork — Rib & Loin (d) 







5 .69 

SI.83 

2 samples 


1.97 

0.89 

1.08 

0.74 

37.6 

.99 

2.63 


Aver. 








Chickens * 

Live 









Wt. 






$f-40 

so.so 

60 Broilers (b) 

3.43 

2 . 57 

0.82 

1.75 

1.29 

50.2 











1.19 

CuUup (b) 







(.60 

1.12 

Legs & Thighs 


0.81 

0.19 

0.62 

0.43 

53.3 

{ 









(.so 

1.50 








j.CO 

0.94 

Breasts 


0.64 

0.10 

0.54 

0.41 

63.4 

{ 









(.90 

1.42 

20 Hens (a) 

5.2 

3.S6 

0.9 

2.66 

1.86 

52.2 

.49 

0.94 

20 Roasters (a) 

6.8 

5.07 

1.18 

3.72 

2.60 

51.3 

-59 

1.15 

Turkey/ * 









6-12 weeks (c) 

7.67 

5.S9 

1.23 

4.27 

2.57 

460 

S .59 

$1.28 

6-1S-20 wks. CO 

14.40 

10.56 

1.98 

8.60 

4.SS 

46.2 

.49 

1.07 

4-26 wks. (c) 

20.43 

15 75 

3.89 

11 86 

9.25 

58.7 

.49 

0-S3 

EW (c) 
















$(.48 

S0.54 

8 - lib. 


1.0 

0.11 

0.S9 

0 89 

0 89 










j.64 

0.72 


f, t. finch Mulct Incubator Ca.. CfmUel O. I95S. 

la) Brown. P. B. and Bern, H. W. (fcu*cr»iijrol Uinon) “Tie VnIJol EiUe Meat Iroo Di'omt \hifel 
Claw* of Ciuckco»-“ Poultry Soforr. March. 1952. lb) TaJ>. iuhnt. I. ou, Martha Ntlaoo. Wjntrr. A. K. 
I*i. D. aiwl Jaap. R. G. (Ohio Slate Utttmtijr) “CcoarJ. IJ.L1* Meat in Parte of Clxkta." Journal <4 The 
Accncin Dietetic Ana. June. 1955. (O Scott. M. 1- Ph. D ICoewil I'titcrulr) “Corpwlioa ed Tukcf 
Meal.** Journal of The Aiwtuao Rtieuc Aain . October. B54 (41 Akiaciet. M and Schtrujef. 

Grace K. U. 5. D. A * YielJ of fAUe Purtioa of Qektn and Vararm Mratt Cooked by D.Jetrat llooe Mitk- 
«!*." fnd T«ieci*y 1 'si A * Li.Ui Ponaaa iselude* Siio Attlme^ fit A Uiieu, (») JiaJl/y toJ lc| 
National Board. 


sir 

















Table A-U 


COMPARISON OF NUTRIENT COMPOSITION OF COOKED MEATS & EGGS * 


Meat 

Proton 

Fat 

Moisture 

Food Energy 

Riboflavin (Hi) 

Turkey (Roasted) 

Percent 

Per cent 

Percent 

Calories 
per lb. 

Per cent of daily 
needs for an av. 
adult found in 
lib. 

White Meat 

34.3 

7.5 

58 

923 


Dark Meat 

30.3 

11.6 

57 

1022 

33 

Chicken (Roasted) 






White Meat 

31.S 

1.3 

68 

621 

n 

Dark Meat 

25.4 

73 

67 

754 

22 

Beef (Cooked) 






Round Steak 

27.0 

13.0 

59 

1049 

8 

Porterhouse Steak 

23 0 

270 

49 

1539 

7 

Rump Roast 

21.0 

32.0 

46 

1701 

6 

Hamburger 

220 

30 0 

47 

1648 

7 

Pork (Cooked) 






Ham 

24.0 


42 

1800 

9 

Loin Chops 

23.0 


50 

1499 

9 

Lamb (Cooked) 






Rib Chops 

24 0 

IHl 

40 

1871 

10 

Shoulder Roast 

21.0 

28.0 

50 

1539 

8 

Eggs (Boiled) 






8 = lib. 

13.4 

10.5 

74 

648 

56 


•Ji. I Taggart. Hatch Mailer Incubator Co . Cleveland. O 1958 
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Index 


Abdomen, 83 

Addity of intestinal tract, 234 
Additives, 232 
Advertising 
chicks, 149 
eggs, 350 
poultry meat, 409 
Age 

of breeding stock, 95 * 

dedine in production with, 104 
at sexual maturity, 101 
Agricultural colleges and experiment sta- 
tions, 510 


Air 

cell, 354 

requirements, 187 
sacs, 52 
Albumen 
quality, 355 
secretion, 64 
Alfalfa, 255 
meal, 299 

Alimentary tract, 48 
Allantois, 121 
All-mash feeding, 260 
American 

breeds and class, 22 
Poultry Association, 22 
Standard of Perfection, 22 
Amids, 226 
Amino adds 
essential, 226 
metabolism of, 224 
Amnion. 121 
Amylase, 234 
Ancona, 27 
Andalusian, Blue, 27 
Andtostcrone, 65 
Animal protein feedstuff*, 250 
Antibiotics, 233 
Antioxidants, 234 
Anus, 50 
Appliances 

feeding, 157, 206 

lighting, 191, 203 


Appliances — (Continued) 
poultry house, 202 
catering, 157, 208 
Approved breeding stage, 106 
Arsenicals, 233 
Arteries, 53 
Ascorbic add, 230 
Ash, 22 6 

Asiatic breeds and class, 28 
Aspergillosis, 319 
Ausuaiorp, 28 
Automatic feeders, 207 
Axial feather, 87 

Bacteria, 283 
and disease, 320 
and egg quality, 376 
Bacterial diseases, 320 
Bacrerin, 282 
Banding chicks, 112 
Bantams, 30 
Barbicels, 43 
Barbs, 43 
Barbulcs, 43 
Bare backs, 99 
Barley, 248 

Barred Plymouth Rock, 22 
Barring, inheritance of, 77 
Basal heat production. 238 
Batteries 

for chicks, 16-1 
for fattening, 278 
for laying, 217 
Beak. 48 

necrosis, 346 
pigmentation. 83 
Bile, 50 
Biological 

analysis of feeds. 241 
wluc of feeds. 241 
Blackhead. 366. 4S3 
Blastoderm. 65 
Bleeding 

market poultry, 395 
for pulloruxn-tcst, 322 
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INDEX 


Blood, 54 
cells, 54 
circulation, 53 
spots, 65 

Blue Andalusian, 27 

Blue comb disease, 341 

Body . 

changes with egg production, Hi 

size 

by breeds, 516 
and egg size, 105 
inheritance of, 99 
systems, 41 
temperature, 41 
type 

and egg production, 83 
and meat production, 100 
selection for, 79, 100 
Bone 

meal, 254 
tissue, 45 
Bones, 46 
Botulism, 329 
Boutbon Red, 446 
Boxes 

for chicks, 148 
for dressed poultry, 402 
Brahma, 28 
Brain, 58 
Bran, wheat, 247 
Breed 

characteristics, 22 
choosing, 32 
Breeders 
age, 129 
feeding, 270 
Breeding, 68 
chickens, 68 
ducks, 493 
geese, 501 
peafowls, 507 
pheasants, 604 
pigeons, 503 
practices, 68 
turkeys, 449 

Breeding flock improvement, 106 
Breeding for 

broilers. 108, 170 
egg production, 100 
hauhabihtv, 95 
Usability, 93 
meat production, 100 
Breeding males, 81 
Breeding records, 109 
Breeding stock selection, 79 
Breeding systems. 88 


Breeds of chickens, 22 
for broilers, 170 
Standard classification of, 22 
Breeds and varieties of 
ducks, 490 
geese, 500 
pheasants, 506 
pigeons, 503 
turkeys, 445 
Broiler production, 169 
economics of, 434 
feeding for, 313 
tests, 34 
Broilers 

breeds for, 170 
definition, 382 
feeding, 263 
marketing, 436 
production of, 171 
Bronchitis 
chick, 334 

infectious (Iaryngotracheitis), 334 
Bronze, turkey, 445 
Brooder houses, 167 
Brooders 
battery, 164 
capacity of, 167 
central heating, 163 
coal, 161 
electric, 162 
gas, 162 
hot water, 164 
Infra-red, 162 
oil, 162 
space, 162 
wood, 161 
Broodiness, 102 
inheritance of, 77 
Brooding, 154 
battery, 164 
chickens, 154 
confinement, 177 
costs, 434 
ducks, 497 
equipment, 157, 161 
geese, 501 
pheasants, 507 
principles and practices, 154 
requirements, 154 
sanitation, 154 
temperature, 154 
turkeys, 470 
troubles, 179 
Broody coop, 208 
Broody hens, management of, 102 
Buckwheat, 248 
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Built-up Utter, 21 1 
Bumblefoot, 347 
Buttercup, 27 
Buttermilk, 250 
By-products, 5, 410 

Cafeteria feeding, 259 
Cages, 214 
Calcium 

assimilation, 230, 237 
carbonate, 253 
metabolism, 234, 241 
requirements 

for egg production, 265 
for growth, 265 
sources, 253 

Calcium-phosphorus ratio, 264 
Calorie, 237 
Campine, 30 

Canadian agricultural colleges and ex- 
periment stations, 511 
Cannibalism, 179, 345 
Capillaria worms, 309 
Caponizing, 173 
chemical, 176 
Capons, 173, 382 
Carbohydrates, 223 
absorption, 224 
digestion, 234 
metabolism, 224 
sources, 222 
uses, 222 

Carbon dioxide, 224 
elimination by hens, 240 
in incubation, 136 
Carbon monoxide poisoning, 155 
Carcinomas {see Tumors) 

Carotene and vitamin A, 228 
Catching equipment, 203 
for ducks, 500 
for turkeys, 480 
Ccca, 50 

Cecal worms, 303 
Cells, 63 

differentiation, 69 
division, 69 

reproductive or gamete, 69 
Cellulose, 223 
Cereal grains, 246 
Cerebellum, 53 
Cerebral hemispheres, 58 
Certified breeding stage, 1 06 
Chalaxa. 6-1 
Chantcclcr, 26 


Characters, 68 
dominant, 75, 77 
inheritance of, 75 
recessive, 75, 77 
Chart of breeds, 516 
Chemical disinfectants, 286 
Chicken, Barbecued, 408 
Chicken mites, 300 
Chicken pox, 331 
Chicken production, H 
Chickens 

anatomy of, 41 
breeds of, 22 
classification of, 22 
costs in marketing, 438 
defects in, 38 
disqualifications of, 38 
distribution of, 9 
domestication of, 20 
dressed grades of, 388 
grading live, 385 
gross income from, 3 
market classes, 382 
origin of, 20 
relative value of, 14 
structure of, 41 
temperature of, 41 
Chicks 

banding, 112 
battery brooding, 164 
business of hatching, 141 
confinement brooding of, 177 
cost of production, 438 
culling, 148 
dubbing, 346 
effects of chilling, 154 
effects of overheating, 154 
embryo development of, 117 
feed consumption by. 268 
floor space required by, 156 
growth of. 244 
marketing, 149 
mortality of. 283 
position at hatching time, 120 
principles and practices in rearing, 
154 

selling, 149, 438 
sexing, 147 
shipping, 148 
surplus, 147 

temperature in brooding, 154 
Chiggcrs. 303 
Chilling, effects of 
on chicks. 151 
on hatching eggs, 130 
Chinese incubators, 137 
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INDEX 


Gilorine, 227 
Giolera, fo»U 325 
Qiolcitcrol, 225 
Chorion, 169 

Chromosome!, 71 

Qironic tespiratoty diseases, 336 

Grculation 

of blood, 52. 53 
of lymph, 51 
Grculatory system, 52 
Classes of chicl.cn* 

American. 22 
Asiatic, 28 
English, 27 
Mediterranean, 27 
. other standard, 30 
Classification 
of breeds, 22 
of dressed poultry, 388 
of feedstuff s, 245 
of Use poultry, 38-1 
of market eggs. 351 
of poultry houses, 192 
□caning 

eggs, 133, 413 

equipment, 208 
houses, 211 
Goaca, 50 

Goacitis (see Vent gleet) 
Goscd flock breeding. 92 
Clutch, 102 
Coccidiosis, 312, 314 
Cochin, 28 
Cockerels 

as breeders, 94 
growth of, 172 
vigor of, 80 
Cock-fighting, 20 
Cocks 

as breeders, 94 
market classification of, 383 
Cod-liver oil, 255 
Coefficients of digestion, 242 
Cold-storage, 373 
costs, 373 
of eggs, 373 
holding eggs in, 373 
holding poultry in, 373 
of poultry, 403 
Colds, 327 

Colleges of agriculture, 510 
Colony brooders, 161 
Colony houses, 169 
Color markings, 23 


Comb, 2 1 

change* with ptoJuciion. S3 
defects, 37 
dubbing, 316 
froren, 3 16 

influence of gonads on, 60 
rose, inheritance of, 7 1 
types, illustrated, 2 1 
Commercial farms, -117 
Commercial flocks, 12 
Condensed buttermilk, 250 
Confinement 
of chicks, 177 
Constipation, 298 
Consumption 
of eggs. 3 
of poultry meat, 4 
Containers 
for eggs, 36-1 
for poultry. -102 
Contract farming. 412 
Cooking 
eggs. 358 
poultry, 406 
Cooling 

dressed poultry. 401, 482 
eggs during incubating, 13-1 
market eggs. 360 

Cooperative marketing of egg*. 364 
Coops, broody, 208 
Copper in nutrition. 227 
Copulatory organ, 56 
Corn, 216 

gluten meal, 252 
Cornish. 27 
Coryza, 327 
Costs 

of broiler production. 43 1 
of chick production. 438 
of egg production. 420, 429 
of marketing live poultry, 436 
of pullet production, 433 
of turkey production, 483 
Cottonseed meal, 252 
Crack lings, 251 
Creeper genes, 78 
Gesol, 286 
Gevecoeur, 30 
Crooked keel, 230 
Crop, 48 
impacted, 298 
pendulous, 451 
sour, 298 
Gossbreeding, 89 
Gosses for sex identification, 73 
Crowding, ill effects of, 156, 184 
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Cryptoxanthin, 228 
Culling, 32, 83 
Custom hatching, 14S 
Cystine, 226 

Death losses 

among chicks, 2S8 
in laying flocks, 281 
Defects, 38 
Deformed beak, 38 
Dermatitis in chicks, 295 
Diarrhea in chicks, 154, 320 
Diet {see Feeding and Rations) 
Diethylstilbestrol, 60 
Digestibility 

coefficients of, 242 
determination of, 242 
factors affecting, 242 
of feeds, 242 
Digestion, 234 

of carbohydrates, 234 
enzymes and, 234 
of fats, 235 
of fiber, 234 
of minerals, 235 
rate of, 235 

Digestive system or tracr, 48 
passage of feed through, 235 
Disease, 281 

breeding for resistance to, 98, 284 
carriers of, 284 
causes of, 282 
deficiency rations and, 290 
diagnosis of 
by autopsy, 288 
by symptoms, 288 
dissemination of, 283 
prevention of, 284 
terminology, 281 
Diseases 

associated with egg production, 342 
bacterial, 320 
deficiency, 290 
fungus, 319 
miscellaneous, 345 
nutritional, 290 
parasitic, 299. 303 
protozoan, 312 
virus, 331 
Disinfectants, 286 
Disinfection. 2S6 
Disqualifications 
in chicks, 14$ 
in standard breeds, 3S 
Distillers* dried grains, 253 
Dominant characters, 77 


Dominique, 26 
Dorking, 28 
Drafts, 187 
Dressing 

chickens, 395 
ducks, 500 
equipment, 394, 396 
geese, 503 
plant, 394 
turkeys, 481 
Dried milk, 250 
Dried whey, 256 
Dropping boards, 205 
Dropping pits, 205 
Droppings 

amount excreted, 240 
composition of, 240 
Dry picking, 396 
Drying eggs, 376 
Dryness 

in poultry house, 190 
under hovers, 180 
ventilation and, 187, 190 
Dubbing of combs, 346 
Ducks, 490 
breeding, 493 
breeds of, 490 
brooding, 497 
feeding, 498 
housing, 497 
marketing, 500 
Dualcss glands, 59 
Duodenum, 50 

Ear, 59 
Ear lobes, 25 

pigmentation in, 83 
Economics 

of broiler produaion, 434 
of egg produaion, 422 
of incubation, 43S 
of marketing live poultry, 442 
of pullet produaion, 433 
Ectoderm. 1 18 
Edema of the u attics, 346 

composition of, 5. 357, 523 
fertilization, " T 1 
formation, 63 
fresh 

broken-our appearance. 354 
candling appearance. 352 
structure, 65 
Egg boun J. 3 1 1 
Egg cartons, 4“ i 
Egg cleaning, 360 



534 


INDEX 


Egg-feed price ratio, 464 
Egg-la) ing contest, 33 
Egg-marketing methods, 36-4 
Egg prices, 378 
Egg production, 11, 14 
annual decline in, 104 
body changer and, 83 
breeding for, 100 
capital investment in, 417 
economics of, 417 
effects of broodincss on, 102 
effects of lights on, 191 
energy requirements for, 271 
estimating, 83 
feed consumption and, 277 
feed cost and, 416 
geographical distribution of, 11 
and hatchability, 93 
inheritance of, 99 
and labor income, 418 
mineral requirements for, 272 
molt in relation to, 95 
persistence of, 102 
pigmentation in relation to, 85 
progeny testing for, 88 
protein requirements for, 27 1 
rations for, 271 
seasonal distribution of, 350 
selecting on basis of, 88 
sexual maturity and, 101 
vitamin requirements for, 273 
Egg quality, 352 
changes in, 357 
cottonseed meal and, 359 
deterioration, 359 
and hatchability, 130 
humidity and, 364 

hydrogen ion concentration and, 357 
inheritance of interior, 114, 358 
liquefaction and, 357 
maintenance of, 359 
rapid cooling and, 360 
thick white and, 355 
vitamin D and, 276 
Egg shape 

affected by isthmus, 65 
inheritance of, 105 
Egg size, 105 

factors influencing, 105 
and hatchability, 96 
inheritance of, 95 
Egg, time required to form, 63 
Egg weight, 105 

loss during incubation, 132 
and position in clutch, 105 


Egg while, 6-4 
composition of, 523 
dried, 374, 377 
frozen, 374, 377 
liquid, 64 
pink, 359 
thick, 6-1 
thin, 65 
Egg jolk, 63 

absorption of, 120 
dried, 377 
formation of, 63 
frozen, 375 

mineral content of, 522 
vitamins in, 276 
Egst 

abnormal, 65 

blood spots in, 65 

candling. 352 

care of, on the farm, 359 

cold storage of, 373 

consumer preference for, 373 

containers for marketing, 373 

cooling market, 360 

cooperative marketing of, 366 

deterioration of quality in, 360 

direct sale to consumers, 366 

dirty, washing and preventing, 360 

double yolk, 65 

dried, 377 

effect of feeds on, 275, 359 
effect of high temperature on, 360 
exports of, 12 
external appearance, 352 
feed cost of producing, 4l6 
frozen, 375 
functional tests, 358 
grades of, 354 
gross income from, 14 
hatching, 127 
chilling, 131 
cooling, 131 
dirty, 133 

holding temperature for, 130 
holding time for, 132 
incubation of, 133 
position of, 132, 136 
premium for, 144 
selection of, 130 
size of, 107, 130 
turning, 132 

holding temperature, 359 
hydrogen ion concentration in, 122 
imports of, 12 
industrial uses for, 4 
loose shell membranes, 354 
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Eggs — ( Continued ) 
marketing, 364 
methods of, 364 
meat spots in, 70 
nutrients in, 3, 352 
oil-created, 364 
pink whites in, 410 
preservation of, 364 
dipping for, 365 
prices of, factors affecting, 373 
production of, per capita, 400 
purchasing power of, 477 
quality of broken-out, 354 
U, S. grades of, 354 
uses of, 3 
vitamins in, 5, 276 
yolklcss, 66 
Eggshell color, 65 
hatchability, 130 
inheritance of, 105 
Eggshells 

formation, 65 
thin, 230, 271 
Egyptian incubators, 137 
Electrocution, 395 
Embryo, 133 

carbohydrate metabolism of, 123 
development of, 63 
lethal inheritance of, 78, 97 
metabolism of, 122 
mortality, causes of, 122 
normal position of, 120 
oxygen requirement of, 141 
physical changes in, 117 
position, 120 

respiration of developing, 120 
sources of energy, 123 
"sticky*' inheritance of, 79 
structural development, 117 
Embryonic membranes, 119 
Embryos 

abnormal, 120 
dead, causes of, 122 
growth of, 118 
Emdcn, 301 
Enccphalomalacla, 295 
Endocrine glands, 59 
Energy, 237 

for egg production, 271 
for embryo development, 123 
for growth, 263 
for maintenance, 261 
English breeds and class, 27 
Entcrohepatitis, 316 
Entoderm, 118 


Enzymes, 234 
carbohydrate-splitting, 234 
fat-splitting, 235 
protein splitting, 235 
Epidemic tremor of chicks, 34 1 
Epsom salts, 288 
Equipment 

brooding, 157, 16 1 
feeding, 206 
lighting, 208 
for poultry houses, 202 
watering, 208 
Ergosterol, 230 
Erysipelas, 330 
Erythrocytes, 54 
Esophagus or gullet, 48 
Estrogens, 60, 279 
Etiology, 282 
European fowl pest, 340 
Eversion of oviducr, 342 
Evisceration of chickens, 400 
Examination for disease, 288 
Excretion, 239 
Exoskcleton, 41 

Exports of poultry products, 12 
External parasites, 299 
Eyeworms, 310 

Farm flocks, 10 
Farms 

chickens raised on, 11 
eggs produced on, 11 
poultry, number of, 11 
Far 

absorption of, 235 
formation of, 224 
in the body, 236 
in the egg. 236 
mcubolism, 224 
oxidation, 224 
sources of, 225 
storage of, 236 
Fits 

digestion of, 235 

and lymphatic system, 235 

synthesis of. 224 

use of. in the body, 222, 224, 247 
Fattening, 278. 385 
rations for, 278 
Fatty acids, 225 
Fatty livers, 236 
Favcrolles. 30 
finis, 320 
Feather, axial, 81 
development, 43 
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Feather — .(Continue J) 
illustrated, 45 
structure, 43 

Feathered shanks, 28 

Feathering 
capon, 60 
cockerel, 45 

effect of hormones on, 60 
inheritance of rate of, 99 
rapid, 99 

and rate of growth, 99 
slow, 99 
Feathers, 42 
growth of, 44 
marketing. 5 
pigmentation of, 43 
structure of, 44 
wing, 87 
Feces, 239 

Fecundity, inheritance of, 100 
Feed 

additives, 232 
amount consumed 
by chicks, 171, 268 
by laying hens, 277 
by turkeys, 460 
analysis, value of, 240 
cost in egg production, 420 
grinding, 242 
palatability, 24 1 
passage through the intestinal 
Feeding 

all-mash, 260 
breeding stock, 270 
broilers, 268 
cafeteria, 259 
chicks, 263 
ducks, 498 
equipment, 206 
fattening stock, 278 
free choice, 259 
geese, 502 

grain and mash, 260 
grit, 254 
laying hens, 273 
legume hay, 255 
methods, 259 
oyster shells, 254 
pellets, 260 
pheasants, 506 
practices, 221 
principles, 221 
space required, 268 
turkeys, 477 
Feed-purchasing power of eggs, 416 


INDEX 

Feeds 

classification of, 245 
composition of, 520 
digestibility of, 231, 521 
effect of 

on C £S quality, 275 
on poultry meat, 278 
' energy value of, 236 
moldy, 319 
palatability of, 241 
poisons in, 299 
vitamins in, 255 
Fertility, 91 

and age of breeders. 9i 
artificial insemination and, 93 
factors affecting. 9 1 
following mating, 91 
securing good, 91 
size of matings for, 94 
Fertilization, 63 
rctcrita, 2 18 
Fiber, 223 
Fish meal, 251 
Hsh oils, 255 
Flics, 299 
Flock mating, 92 
Flock size 

and profits, 416, 421 
Floor, cement, 196 
Floor space 
for chicks, 181 
for ducks, 497 
for laying hens, 212 
for turkeys, 472 
Flukes, 311 
Fluorine, 254 
Follicle ovarian, 63 
Food (see reeds and Rations) 
Formalin, 145 
Formulas (see Rations) 
Foundations, house, 196 
Fowl 

anatomy of, 41 
ancestry of, 20 
composition of, 522 
grades of dressed, 388 
grades of live, 384 
skeleton of the, 45 
Fowl cholera, 325 
Fowl paralysis, 338 
Fowl plague, 340 
Fowl pox, 331 
vaccination for, 333 
Fowl tick, 304 
Fowl tuberculosis, 326 
Fowl typhoid, 324 


tract, 234 
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Fowls 

air requirements of, 183 
body temperature of, 4l 
heart rate of, 53 
Free-choice feeding, 259 
Freezer burn, 405 
Freezing 

drawn poultry, 403 
eggs, 375 
French class, 30 
Fresh eggs, 375 

appearance of, broken out, 354 
candled appearance of, 352 
Frozen combs and wattles, 346 
dubbing to avoid, 346 
Frozen-egg industry, 373 
Frozen-egg products, 378 
Fryers, 382 

grades of live, 384 
grading dressed, 388 
Fuel cost 
of brooding, 434 
Fumigation of incubators, 145 
Fungi, 319 
Fungus diseases, 319 

Gain, feed consumed per pound of, 268 
Gall-bladder, 50 
Gall us bankh a, 20 
Game class, 30 
Gametes, development of 
female, 69 
male, 69 
Gapeworms, 308 
Gastric juice, 234 
Gastrulation.. 113 
Geese, 500 
breeding, 50 1 
brooding, 501 
feeding, 502 
marketing, 503 
Genes, 73 

complementary, 79 
dominant, 77 
inhibiting, 77 
lethal, 78 
sex-linked, 73 
Genotype ratio, 76 
Germ cells, 69 
Germ spot. 64 
Gizzard, 48 
function of, 43 
Gizzard worms, 309 
Glands 

ductless (endocrine), 39 
I)tnph, 55 


Glands— ( Continued ) 
parathyroid, 61 
pineal, 63 
pituitary, 6l 
preen, 41 
thymus, 6l 
thyroid, 61 

Glandular stomach, 48 
Glucose, 234 
Gluten meal, 252 
Glycogen, 236 
Goslings, 502 
Gout, 293 
Grades 

of dressed poultry, 388 
of eggs, 354 
of live poultry, 384 
Grains and by-products, 246 
Grass, 255 

Grit, function of, 255 
Gross energy, 237 
Growth, 263 

crossbreeding effects on rate of, 89 
energy requirements for, 26 3 
factors affecting, 244 
feed consumption and, 245 
influence of temperature on, 154 
inheritance of, 98 
mineral requirements for, 26 f 
protein level and rate of, 263 
rates of different species of poultry, 2 63 
sex differences in rates of, 98 
vitamin requirements for, 266 
Guineas, 506 
Gullet or esophagus, 48 

Hamburgs, 30 
Hard-scald plucking, 397 
HatchabiJiry 

age of parents and, 95 
breeding to increase. 95 
cross-breeding and. 96 
egg characters anj, 96 
egg production and. 95 
inbreeding anJ. 95 
inheritance of. 95 
selecting for, S3 
vitamin requirements for, 266 
Hatchery 

breeding flock, improvement, 106 

business, 438 

egg supply for, ! 1 1 

management. I il 

refuse. 252 

rooms. 141 
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Hatchery — ( Continued ) 

sale of chicks, 149 
surplus chicks from, 147 
Hatching 
date of, 521 
hens vs. incubators, 138 
season, 146 
selecting eggs for, 130 
Hatching basket. 111 
Hatching eggs, 130 
chilling, 131 
cleaning. 133 
cost of, 431 

holding temperature, 130 
holding time, 132 
incubatioQ of {see Incubation) 
position of, 136 
selection of, 104, 130 
shell color of, 105, 130 
size of, 103, 107 
turning, 132 
Haugh unit, 355 
Hap, legume, 255 
Heart. 53 
rate of bear, 53 
Heat 

and critical temperature, 239 
effect on egg quality, 360 
production and body temperature, 238 
Heating 

battery rooms, 167 
hying houses, 211 
Hegari, 248 
Hemoglobin, 54 
Hemorrhagic disease, 296 
Hepatitis, 341 

Hereditary transmission, principles of, 68 
Heterozygous, 76 
Histidine, 226 
Homozygous, 76 
Hormones, 59 
of Ovary, 60 
of testes, 60 
Houdan, 30 
House 

artificial lights in, 191 
care, 209 

cleaning equipment for, 208 
construction, 196 
dampness, 190 
dropping boards in, 205 
dropping pits in, 204 
equipment for, 202 
feed bins, 206 
floor in, 196 


INDEX 

House— ( Continued ) 

floor space required in, 184 
foundations for, 196 
framework for, 197 
insulation of, 201 
location of, 183 
nesu for, 20 i 
requirements of, 183 
roofing materials, 201 
size of, 192 
straw loft in, 212 
style of roof for, 193 
sunlight in, 191 
temperature in, 196 
ventilation of, 187, 209 
window arrangement in, 191 
House-management, 209 
Houses 

brooder, 192 
classification of, 192 
colony, 192 
hying. 193 
multiple-story, 192 
multiple-unit, 192 
permanent, 192 
portable, 192 
summer, 166 
window jess, 191 
Housing 
costs, 216 
equipment, 202 
principles and practices, 183 
requirements, 183 
warm climate, 217 
Humidity 

in battery rooms, 155 
in brooder houses, 155 
in egg storage rooms, 366 
in incubators, 135 
in hying houses, 186 
relative, 135 
Hybrid, 90 

Hydrogen-ion concentration in eggs. 
Hypophysis or pituitary, 61 

Immunity to disease infection, 283 
Impacted crop, 298 
Imports of eggs, 12 
Improvement associations, 106 
Inbreeding, 88 
Incinerator, 208 
Income 

distribution of, from poultry, 14 
from egg production, 435 
Incrossbred hybrids, 93 


357 
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Incubation 
artificial, 138 
carbon dioxide and, 136 
cooling eggs during, 134 
costs in, 440 
critical periods in, 120 
economics of, 438 
embryo development during, 118 
bens for, 138 

humidity requirements during, 135 
natural, 138 

oxygen requirements during, 136 
position of eggs during, 136 
practice and principle, 117 
relative humidity in, 132 
requirements for, 133 
temperature for, 133 
turning eggs during, 136 
ventilation requirements during, 136 
Incubator management, 138 
Incubators, 138 
Chinese, 137 
early, 137 
Egyptian, 137 
fumigation of, 140 
modern, 138 
room for, 142 
types of, 138 
ventilation of, 141 
Index 

albumen, 356 
yolk, 356 
Indian runner, 491 
Indigestion, 298 

Industrial uses of poultry products, 4 
Infection, 283 
Infectious bronchitis, 334 
Infertility, prevention of, 94 
Inflammation, 282 
Infundibulum, 57 
Ingredients (let Feeds) 

Inheritance of 
batting, 72 
body size, 98 
broodiness, 77 
characters, 75 
early maturity, 77, 101 
egg characters, 103 
egg production, 100 
egg size, 103 
hatchabiliry, S3, 95 
intensity of production, 102 
interior egg quality, 106 
longevity, 93 
a pair of characters, 77 
persistence of production, 102 


Inheritance of — •(_Cor.:!rjueJ) 
plumage color, 77 
rate of feathering, 98 
rate of growth, 98 
resistance to disease, 98 
rose comb, 74 
sex-iinked characters, 73 
shank color, 77 
shank feathering, 77 
two pairs of characters, 76 
viability, 98 
white plumage, 77 
Insects, 299 

Insemination, artificial, 93, 457 
Insulation of houses, 201 
Integration, 439 
International egg trade, 12 
Intestine, 49 
Intestinal worms, 305 
Iodine, 227 
Iron 

in the egg, 5 
in nutrition, 226 
Irradiation 
of birds, 298 
of feedsruffs, 230 

Java, 26 

Jersey Black Giant, 26 
Jobbers, 366 
Judging. 39 

for egg production, 83 
egg quality, 352 
poultry meat. 388 
standard, 36 
turkeys, 451 
Jungle fowl, 20 

Kafir. 248 
Keel, 80 

disease of ducks, 493 
Keels, crooked, 296 
Khaki-Cam pbell, 491 
Kidneys. 55 
Killing poultry. 395 
Kosher killed poultry, 382 

La Flecke, 30 
Labor 
cost of 

in broiler production. 438 
in chick production, 410 
in egg production. 435 
efficiency, 432 

income, factors averting, 416 
Laced plumage, 23 
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Lactic acid, 250 
Lactose, 223 
Lamona, 26 
Langshan, 30 
Laryngotracheitis, 334 
Larynx, 51 
Laxative, 288 
Layers 

amount of feed consumed by, 277 
artificial lights for, 208, 275 
mortality among, 289 
rations for, 274 
selecting, 83 
Laying 

inheritance of rate of, 101 
physical characters related to, 83 
Laying batteries, 214 
Laying cages. 214 
Laying home (see Houses) 

Leading poultry states, 12 
Lecithin, 225 
Leghorn, 27 
Lesion, 282 
Lethal genes, 78 
Leucocytes, 54 
Leucosis, 338 

Leukemia (tee Fowl paralysis) 

Lice, 300 

Light intensity, 191, 208 
Lighting 

effects on egg production, 208, 275 
equipment, 208 
Lights 

artificial, 208, 275 
installation of, 208 
use of, 208, 275 
Lfmberneck (see Boculism) 

Limestone, 254 
Linkage, 77 
sex, 73 

Linseed oil meal, 253 
Lipase, 235 
Lipoids, 225 
Litter 

compost, 211, 285 
for brooder houses, 156 
damp, 190 
removal, 212 
Livability 

inheritance of, 98 
selecting for, 80 
Live poultry 
classes, 382 
crates for, 391 
killing and dressing, 395 
for the Jewish trade, 382 


Lise poultry — ( Continued ) 
marketing, 381 
trucks for, 391 
U. S. classes of, 382 
U . S. grades of, 38-f 
Liver, 50 
goose, 503 
Liver meal, 256 
Longevity, inheritance of, 98 
Lungs, 51 
L>c 

as a disinfectant, 286 
Lymph circulatory system, 54 
Lysine, 226 

Magnesium, 227 
Magnum of oviduct, 57 
Maintenance, nutritive requirements 
261 

Malay fowl, 30 
Males 

feeding breeding. 270 
progeny testing, 88, 105 - 

ratio to females, 72 
selecting breeding, 79 
Mallard, 490 
Maltose, 223 
Manganese, 254 

for prevention of perosis, 298 
Manure 

amount produced by hens, 240 
analysis of, 240 
shed, 208 

Market eggs (see Eggs) 

Market poultry (see Poultry) 
Marketing 
chicks, 149 

containers for eggs, 373 
dressed poultry, 449 
ducks, 500 
e ggs, 349 
geese, 503 
guineas, 506 
live poultry, 381 
poultry by-products, 4, 4 10 
problems. 18. 399 
Squabs, 505 
turkeys, 479 
Mash 

feeding, 260 
hoppers, 192, 206 
Mating 

fertility after, 94 
flock, 92 
pen, 93 
stud, 93 


for. 
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Maturity Wires — (Continued) 

early, 101 roost, 300 

inheritance of, 77 scaly leg, 303 

optimum age for sexual, 101 Mitosis, 69 

Meat Modifying genes, 78 

and bone scrap, 250 Moisture 

edible in Use-dressed and drawn birds, in brooder houses. 155 


527 

poultry, in the diet, 4 
scraps, 250 
spots in eggs, 65 

Mediterranean breeds and class, 27 
Membrane, vitelline, 65 
Membranes, shell, 65 
Mendelian inheritance, 75, 78 
Mendelian ratio, 75 
Mendelism, 75 
Merchandising eggs, 373 
Merozoites, 315 
Mesoderm, 118 
Metabolism, 234 
basal, 238 

carbohydrate, 234, 236 
embryo, 122 
energy losses in, 237 
far, 235 
mineral, 235 
protein, 235 
use of water in, 221 
vitamins in, 237 
wastage in, 239 
Methionine, 253 
Methods of feeding, 259 
Middlings, 247 
Milk, 250 

for fattening, 278 
forms of, 250 
vitamins in, 519 
Milo, 248 

Mineral mixtures, 254 
Mineral requirements 
for egg production, 272 
for growth, 264 
for maintenance, 262 
Minerals, 226 
absorption of, 237 
in the body, 226 
in the egg. 523 
essential, 226, 254 
metabolism of, 235. 237 
sources of. 254 
uses of, 2 26 

Minorca, 27 
Mites, 300 
depluming. 303 
feather, 303 


in egg rooms, 3 66 
in incubation, 135 
in laying houses, 189 
Molds, 283 

diseases caused by, 319 
Molt. 95 

factors influencing, 275 
forcing the, 275 
Molting and egg production, 85 
A foiling hens 

requirements of, 275 
late vs. early, 85 
Mortal irj’ 

causes of, 288, 2 89 
embryo, 122 
of growing chicks, 28S 
laying flock, 289 
Mouth parts, 48 
Muscular system, 47 
Mutation, 79 
Mj coses, 319 

Naked-neck, 32 
Nat el infection, 330 
Neck, 42 

Necrosis of the beak, 297 
Nervous sjstem, 58 
Nests, 205 

number of, 205 
trap, 119. 205 
Net energy. 237 
Newcastle disease, 340 
New Hampshires. 25 
Niacin, 222, 257 
Nicaxbaztn, 313 
Nitrogen ( ice Proteins) 

Nicotine sulphate 
for lice, 302 
for roundworms, 506 
Nitrofurans. 313 

Non-broodiness, selection for, 102 
Nooditng geese. 502 
Northern fowl mite. 303 
Nose. 51 
Nucleus. CS 
Nutrients. 221 

assimilation of. 236 
digestion of, 234 
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Pituitary gland, 61 

Plasma, 54 

Plucking 
dry, 396 
bard-scald, 397 
semi-scald, 397 
wax, 399 
Plumage 

color, inheritance of, 77 
dominant white, 76 
recessive white, 76 
sex-linked barring, 77 
Plymouth Rocks, 22 
Pneumonia, brooder, 319 
Poisoning, 299 
Polar bodies, 70 
Polish class, 30 
Polyneuritis, 293 
Potassium, 227 
Potassium permanganate, 145 
Potatoes, 249 
Poultry 

box packed, 402 
by-product meals, 251 
canned, 406 

costs of marketing, 436 
crates, 391 
drawn, 400 

cold storage of, 403 
edible proportion of, 526 
freezing of, 403 
preserving quality in, 403 
dressed, 392 

classes and grades, 382, 384 
cold storage of, 403 
composition of, 528 
consumption of, 4 
containers for, 402 
cooling of, 401 

deterioration of quality in, 405 

freezing, 403 

judging, 36 

marketing, 3SI 

oven dressed, 400 

packing, 402 

preserving quality in, 403 
refrigeration of, 403 
shipping, 402 

U. S- standards and grades for, 3SS 
edible percentages in, 526 
evisceration of, 400 
farming, 3 
fattening, 278, 3S5 
•feed price ratio, 4l6 
feeding practice, 221 
feeding principles, 22 1 


Poultry — ( Continued ) 
frozen, 403 

hard-scald plucking, 399 
income from, by states, II 
killing and dressing, 395 
losses in, 7 
live, 381 

classes and grades for, 382, 384 
crates for, 391 
demand for, 381 
grading, 384 

methods of marketing, 386 
trucks for, 390 

marketing problems, 349, 381 
meat, 4 

composition, 528 
consumption of, per capita, 4 
in the diet, 4 

quality* of, influenced by feeding, 278 
offal, 410 
production of 
geographical, 9 
relative importance of, 5 
products, composition of, 528 
publications, 511 
quick-frozen, 403 
raising, a farm industry, 3 
sale of cuts, 402 
semi-scald plucking, 397 
smoked, 407 
wax plucking, 399 
Poultry industry, 3 
development of, 8 
distribution of, 9 
relative value of, 3 
shifts in, 8 
Poultry manure, 239 
Poultry science, 3 
Poults 

rearing, 474 
selling, 470 
Powder, dusting, 302 
Pox, fowl, 331 
Predatory animals, 476 
Preen gland, U 
Preserving quality 

in dressed poultry, 403 
in eggs. 359 
Primaries, moiling of. S7 
Primitive streak. 119 
Production (ir* Chicks. Eggs, etc) 

Profit ( Jtf Economics; 

Progeny 

breeding record. SS 
selection on basis of. 83 
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Progeny — ( Continued ) 
tested breeding males, 88 
testing for egg production, 88 
Prolapse, 342 
Propagation, natural 
of pheasants, 506 
Protein, 225 

amino adds in, 226 
crude, 226 
digestion of, 235 
fate of excess, 236 
function of, 225 
grains deficient in, 246 
heating effect of, 237 
incomplete utilization of, 240 
level in the ration, 265 
metabolism of, 235, 236 
nature and uses of, 225 
and rate of growth, 245 

requirements 

for egg production, 271 
for growth, 263 
for maintenance, 262 
specific dynamic effect of, 237 
supplements, 250 
animal, 250 

for egg production, 273 
relative value of, 250 
vegetable, 250 
Protozoa, 282 
Protozoal diseases, 312 
Proventriculus, 48 
Psittacosis, 340 

Pubic bones and egg laying, 83 
Pullets, cost of production, 433 
Pullorum disease, 320 

and incubator fumigation, 145, 322 
inheritance of resistance to, 98 
testing for, 322 
testing stages, 108 
Pulse rate, 53 
Pygostyle, 45 

Quality 

in dressed poultry, 388 
in eggs, 352 

measuring of, in eggs, 352, 354 
preserving, in eggs. 359, 364 
Standard bred, 22 
Quarantine, 287 
Quick freezing, 403 
Quill, 43 

Rachis, 43 

Radiation, ultra-violet, 230 


Range 

for chicks, 177 
for ducks, 496 
importance of dean, 285 
for layers, 218 
shelters, 166 
for turkeys, 474 
Rate of growth, 263 

influence of feed consumption on, zoo 
influence of protein on, 263 
inheritance of, 98 
Rate of lajing, inheritance of, 102 
Ration 

cost of, 258 
formulating a, 258 
Rations for 
broilers, 266 
ducks. 498 
egg production, 272 
fattening. 278 
geese, 502 
hatchabiliry, 276 
pheasants, 507 
pigeons, 503 
turkeys, 477 
Recessive characters, 77 
Rectum, or large intestine, 50 
Red Op, 28 
Red Junglefowl, 20 
References on 

anatomy of the fowl, 66 
breeding, 114 
brooding, 181 
diseases, 347 
ducks and geese, 508 
egg formation, 66 
feeding, 279 
bousing, 218 
incubation, 152 
marketing eggs, 379 
marketing poultry, 381 
physiology, 66 

poultry farm management, 444 
rearing, 181 

structure of the fowl, 66 
turkey production, 489 
Refrige radon 

of dressed poultry, 403 
of eggs, 360 
and freezer burn, 405 
Refuse, hatchery, 252 
Regulatory system, 59 
Relative humidity, 135 
in brooding, 155 
m egg rooms, 360 
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Relative humidity — ( Continued ) 
in incubation, 135 
in laying house, 1S6 
Replacement of flock, 433 
Reproduction 

hereditary basis of, 68 
physiology of, 63 
Reproductive cells 
female, 69 
male, 69 

Reproductive system, 56 
of female, 57 
of male, 56 

Resistance, inheritance of 
to fowl typhoid, 98 
to paralysis, 98 
to pullonim disease, 98 
Respiration, 52 
Respiratory system, 50 
Rhode Island Red, 24 
Riboflavin, 231 
Rice, 248 
Rickets, 296 
Roasters, 382 
edible flesh in, 526 
Rock phosphate, 254 
Roofs 

materials for, 201 
style of, 193 

Roosting space, per bird, 202 
Roosts 

for chickens, 202 
for turkeys, 476 
Rose chafer poisoning, 299 
Rose comb, transmission of, 74 
Roundworms, 305 
Roup 

nutritional, 290 
ocular, 327 
Runner duck, 490 
R>c. 243 

Saddle feathers, 25 
Saliva, 48 

Salmonella infectious, 320 
Salt (sodium chloride), 254 
Saniution, 2S5 
brooder house, 154 
incubator, 141, 322 
hatchery, M 1 
laying house, 2S5 
range. 193, 474 
Sarcoma (see Tumors) 

Sardine oil, 255 
Scalding poultry, 396 


Score card 

for standard judging, 36 
for turkeys, 466 
Seasonal distribution 
of egg production, 349 
of turkey production, 381 
Seasonal variation in egg prices, 350 
Secondaries, molting of, 87 
Secondary sex characters, 60 
Sections of the fowl, 25, 42 
Selection on basis of 
body size, 79 
body type, 79 
early maturity, 101 
egg records, 101 
egg size, 105 
head type, 80 
pedigree, 88 
pigmentation, 84 
progeny resr, 83 
sib records, 88 
Semi-scald plucking, 397 
Sense organs, 59 
Serum, 54, 322 
Sex 

chromosomes, 72 
hormones, 60 
inheritance, 72 
linkage, 73 
organs of female, 57 
organs of male, 56 
resersal, 60 
ratio, 72 
Sexes 

differences in growth of, 98 
separating, 73 
Scxing baby chicks, 147 

by physical examination, 147 
by rate of feathering, 74 
by sex-linkage of down color, 74 
Sex-linked 
crosses, 73 
inheritance, "*3 
Sexual maturity, 101 
inheritance of, 77 
Shade, importance of. 183 
Shaft of feaiher, 43 
Shank color 

inheritance of. "*7 
in relation to egg production, S3 
Shell, egg. 65, 271. 356 
bloom of, 65 

breaking strength of, 356 
composition of, 65 
cuticle, 65 
formation, 65 
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Shell — (Continued) 
membranes, 65 
pipping of, 120 
porosity, 130 
texture, 130 
treatment of, 364 
uses of, 5 

Shelters, range, 166 
Shipping crates 

for dressed poultry, 402 
for eggs, 373 
hatching, 150 
market, 373 
by truck, 391 
for turkeys, 481 


Sibs. 88 
Sickles, 25 
Side sprigs, 37 

Single comb, inheritance of, 77 
Sinusitis, 336 
Sire, 121 

Skeleton of fowl, 45 
Skim milk, 250 
Skin. 41 
Skin color 

by breeds, 516 
inheritance of, 77 
Slade scalding, 397 
Slate, 448 

Slipped tendon, 298 
Slips, 176 

Slow feathering, inheritance of, 98 
Smoked poultry, 407 
Sodium, 226 

Sodium chloride (salt), 254 
Soil 

contaminated, and disease, 285 
Somatic cells, 68 
Sorghum, 248 
Soup, chicken, 6 
Soybean 

oil meal, 252 
Space, floor 
for chirks, 156 
for ducks, 497 
for layiog hens, 184 
for poults, 472 

Spanish, White- faced Blac k . 27 

Specialisation in poultry farming, 8 

Spermatozoa, 56 

Spinal cord, 58 

Spirochetosis, 318 

Spleen, 50 

Sporozoites, 312 

Spurs, 25 

Stags, 383 


Stained antigen test, 322 
Standard . . 

classes, breeds, and varieties, 20 
classification of breeds, 22 
weights for, 38, 516 
egg case, 373 
of perfection, 22 

Standard-bred quality, selecting for. 
Standards 

for dressing poultry, 388 
for eggs, 354 
for live poultry, 384 
Starch, 223 

State colleges of agriculture, 510 

States, leading poultry, 1 1 

Sterility, 93 

Sternum, 46 

Sterols, 230 

Sticktight flea, 304 

Sticky embryo, inheritance of, 78 

Stigma, 63 

Storage of eggs and poultry {see 
storage) 

Stoves, 161 


81 


Cold 


Strain, 22, 98 
Structures of the 
chicken, 42 
circulatory system, 52 
digestive system, 48 
egg. 65, 351 
embryo, 117 
feather, 43 
muscular system, 47 
nervous system, 58 
reproductive system, 56 
respiratory system, 50 
skeletal system, 45 
urinary system, 55 
Stud mating, 93 
Sugars, 223 
Sulfa drugs, 314, 315 
Sulphur, 226 
Sunlight 

and growth, 256 
and hatch ability, 256 
Sun porch, 169 
Supplements, feed 
animal protein, 250 
mineral, 254 
vegetable protein. 250 
vitamin, 255 
Sussex, 28 
Swans, 508 
Synovitis, 341 
Syrinx, 51 
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System 

circulatory, 52 
digestive, 4S 
muscular, 47 
nervous, 58 
reguiacoty, 59 
reproductive, 56 
respiratory, 50 
skeletal, 45 
urinary, 55 

Tail, carriage 
squirrel, 37 
wry, 37 
Tankage, 251 
Tapeworms, 310 
Temperature 
brooding, 154 
cold storage 

for dressed poultry, 396 
for eggs, 373 
critical, 239 
and egg sire, 105 
of the fowl, 41 
for holding eggs, 360 
for incubation, 134 
for laying houses, 186 
for quick freezing, 403 
Terminology, 281 
Test 

random sample, 34 
stained antigen (whole blood), 332 
standard tube, 322 
Testes, 60 

effect of removing (caponizing), 60 
Testing 
progeny, 103 
for pullorum disease, 322 
for purity of characters, 78 
Tetrachlorethylene, 306 
Thermostabilization, 364 
Thiamin, 229 
Thrush, 319 
Thymus, 61 
Thyroids, 61 
Tibia, 46 
Tick. fowl. $04 
Tongue, 48 
Touiousc, 501 
Toxin, 282 
Trachea, 51 
Tract 

digestive, 4S 
feather, 42 
Tranquilizers, 234 
Transmission of characters, 71 


Trap-nesting, 109 
Trap-nests, 205 
Tracheitis, 334 
Tremor, epidemic, 341 
Trichomoniasis, 318 
Trucks, poultry, 390 
Trypsin, 50 
Tryptophane, 226 
Tuberculosis, 326 
Tumors, 347 
Turkeys 

breeding, 449 
breeds, 445 
brooding, 470 
diseases of, 483 
feeding, 460, 477 
housing, 459 
judging, 466 
incubation of, 467 
marketing, 479 

selecting for breeding, 449, 451 
wild, 445 

Turning eggs, 132, 136, 470 
Type, selection on basis of body, 80 
Type characteristics 
of breeds, 22, 62 6 
for egg production, 83 
Typhoid/ fowl, 324 

Ultraviolet 

irradiation, 230 
Ureters, 55 

Uric add excretion, 240 
Urinary system, 55 
Urine, 56, 240 
U. S. 

dressed poultry standards, 388 
egg standards, 354 
live poultry standards, 384 
performance tested, 107 
poultry improvement plan, 106 
breeding stages, 106 
pullorum control stages, 103 
record of performance, 106 
Uses of 
C£S>- 3 
poultry. 4 

by-products, 5, 410 
Uterus, 65 

Vaccinanon 
for bronchitis, 333 
for fowl pox. 333 
Vaccine, 282 
Vagma. 57 
Vaac. 44 
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Varieties of breeds, 22, 516 
Variety, choosing a, 32 
Vas deferens, 56 

Vegetable protein supplements, 23U 
Vent, 50 . 

and laying condition, 83 
and pigmentation, 85 
Vent gleet, 347 

Ventilation 

of brooder houses, 155 
of brooder rooms, 155 
of chick boxes, 148 
of incubators, 136 
of laying houses, 187 
of laying cage rooms, 217 
Viability (re* Livability) 

Vigor, selecting for, 80 
Virulence, 283 
Virus diseases, 331 
Viruses, 283 

egg propagation of, 4 
Vitamin A, 228 
and carotene, 228 
in egg yolk, 5, 27 6 
requirements for 

egg production, 273 
growth, 266 
hatchabihty, 273 
sources, 228, 518 
unit, 229 
Vitamin Bi, 229 
requirements for 

egg production, 265 
growth, 265 
sources, 222 
Vitamin Biz, 228, 231 
Vitamin C, 230 
Vitamin D, 230 
in the egg, 3, 276 
requirements for 

egg production, 265 
growth, 265 
hatehability, 265 
poults, 460 
sources, 230 
units, 230 
Vitamin E, 231 
Vitamin G, 231 
in the egg, 5, 276 
requirements for 
egg production, 265 
growth, 265 
hatehability, 265 
poults, 477 
sources, 251 
Vitamin K, 232 


Vitamin requirements, summary of. 
Vitamins 

in eggs, 5, 276 
nature and uses of, 228 
sources of, 222 
Vitelline membrane, 63 
Voice 

of the fowl, 51 
syrinx and, 51 

Wastage in metabolism, 239 
Water, 221 
in eggs, 523 
in fowl’s body, 522 
function of, 221 
Watering equipment 
for chicks, 157 
for laying hens, 208 
Waterfowl, 616 
Wattles, 25. 41 
edema of, 346 
frozen, 346 
Wax plucking, 399 
Web, 43 

Weights, standard body, 516 
Wheat, 246 
bran, 247 
middlings, 247 
Whey, 256 
Whitewash, 286 
White-faced Black Spanish, 27 
White Holland, 446 
White Leghorn, 27 
White plumage 
dominance, 77 
Wild turkey, 445 
Wind damper, 161 
Windows 

location of, 191 
and ventilation, 209 
Wing 

disqualifications, 48 
feathers, 25 
molting of, 87 

Winter pause in egg production. 
Wire screens 
for floor, 169 
Worms, 305 
capillar La, 309 
cecal, 308 
eye, 310 
gape, 308 
large round, 305 
tape, 310 
Wyaodotte, 24 
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Xanthophyll 
in feeds, 276 
in the fowl, 84 

Yarding 

for chicks, 218 
for ducks, 497 
for geese, 502 
for laying hens, 218 
for turkeys, 458 
Yards, 218 
Yeast, 256 
Yokohama, 32 


Yolk, 63 

absorprion of, 120 

color, influence of feeds on, 359 

composition of, 523 

dried, 378 

formarion of, 63 

frozen, 378 

index, 356 

light and dark, 359 

structure of, 63 

vitelline membrane of, 63 

Zoology, 3 
Zygote, 72 



